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PREFACE 


In 1979, Lewis' 1050 research authors published 448 technical publications which 
were announced to and reached the worldwide scientific community. This number was 
our typical output even though we had a slight decrease in staff. In recent years, the 
trend in Lewis publishing has been that each year the number of technical presentations 
given at seminars, society symposia, and Lewis-hosted conferences lias surpassed the 
record set the previous year. Lewis authors publish almost 60 percent of their research 
contributions in outside publications and the rest as NASA research reports. Lewis 
authors primarily use society proceedings, sem nar presentations, and journal and 
transactions articles to describe their work. 

In 1979, the production of 294 contractoi^authored research reports was higher 
than the previous year's output of 267. In addition, 51 patent applications were filed, 
and 32 patents were issued, typical nunr.Ders for Lewis patent contributions. 

In 1979, the annual award for Best Lewis Publication was presented to Walton L. 
Howes for his paper "Loudness of Steady Sounds - A New Theory," which delves deeply 
into the physical and physiological basis of sound perception. This journal article 
appeared in Acustica, volume 41, 1979, and is described in abstract A79-39375 (p. 17S) 
in this bibliography. An expanded version of the journal article, entitled "Overall 
Loudness of Steady Sounds According to Theory and Experiment," was published as 
NASA RP- 1001; it is described in abstract N79-25753 (p. 163) in ttris bibliography. 

And in 1979, the Joint Propulsion Conference, sponsored by the American 
Institute of Aeronautics and Astronautics, the Society of Automotive Engineers, and the 
American Society of Mechanical Engineers, presented its award for Best Paper of the 
Year to James J. Pelouch, Jr., for his study "Low-Thrust Chemical Orbit Transfer 
Propulsion." This paper describes a unique Lewis capability to take the leaa in 
generating the knowledge for low-thrust chemical propulsion. Tlr's presentation, AIAA 
Paper 79-1 182, is described in abstract A79-39815 (p. 55) in this bibliography. 

All the publications in this collection were announced in the 1979 issues of STAR 
(Scientific and Technical Aerospace Reports) and/or IAA (International Aerospace 
Abstracts). 

The arrangement of the material is by NASA subject category, as noted in the 
Contents. Thr Lewis-authored items are listed first, followed by the contractor items. 
Within each oi‘ these groups is listed report literature, in N-number sequence, followed 
by the journal ai.d conference presentations, in A-number sequence. 

The various indexes will help locate specific publications by subject, author, 
contractor organization, contract number, and report number. 


George Mandel 

Chief, Management Services Division 
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01 AERONAUTICS (GENERAL) 


N7I-1I7M'! National Aeronautic* and Spec* Administration 
Lawn Raaaarch Cantar. Cleveland. Ohio 

OINK RATION Of UNEAR DYNAMIC MODELS PROM A 
DIGITAL NONUNEAR SIMULATION 

Carl J Daniel* and Susan M Kroaal Fab 1979 95 p refs 

(NASA-TF- 1 388 E-9490) Avail NT1S HC A06/MF A01 CSCL 
02A 

The results and methodology used to derive linear models 
from a nonlinear simulation era presented. It is shown that 
averaged positive and negative perturbation* in the state variables 
can reduce numerical error* in finite difference, partial deriva ti ve 
approximations and. in the control inputs, can bettor approximate 
the system response in both directions about the operating pomt. 
Both explicit and implicit formulations are add ra see d Linear 
models sra derived for the F 100 engine, and comparison* of 
transient* are mad* with the nonlinear simulation. The problem 
of startup transients in the nonlinear simulation in making those 
comparisons is addressed Also, reduction of the linear models 
is investigated using the modal and normal techniques. Reduced- 
order models of the F 100 are derived and compared with the 
full-state models. J.M.S. 


N78-1000B*# National Aeronautics and Space Administration 
Lewie Raaaarc h C e ns er. Cl eve l and. Ohio. 

MATERIALS AND STRUCTURAL ASPECTS OP ADVANCED 
SAS-TURSINE HEUCOPTER ENGINES 

John C. Freeh* (US Army Aviation Rea. and D evelop. Command. 
Cleveland) and John Acuno 1979 66 p refs To be p r ea a nted 
at the Intern Congr. in Aaron. Paris. 6-8 Jun. 1979 
(NASA TM-79100: AVRAOCOM -TR-79-4) Avail: NT’S 

HC A04/MF A01 CSCL 21E 

The key to improved helicopter gas turbine engine perfo r mer ca 
Has in the development of advanced materials and advanced 
structural and desig n concepts The modification of the low 
temperature components of h eli c op t er engines (such aa the 
inlet particle separator), the introduction of composite* for use 
in the engine front frame, the development of advanced material* 
with in c reaaad us*- temperature capability lor the angina hot 
•action, can result in improved performance and/or decreased 
angina maintenance coat A major smphasis in halicopt*. angina 
daaign a the ability to daaign to meat a requ.red lifetime This, 
in turn, requites that the interrelated aspects of higher operating 
temperatures and pressures, cooling concepts, and environmental 
protect xm s ch emes be integrated into component daaign. The 
major material advances, coatings, and daaign life-prediction 
techniques pertinent to helicopter anginas are reviewed the 
currant state-of-the-art ia iden ti fied, and when appropriate, 
prog rase, problems and future direction* are assessed AR.H. 
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02 AERODYNAMICS 

Include* aerodynamic* of bo d m . combination*. wmg». 
rotor*, and control turfecee: and internal How in duct* 
and turbomechmery 

For related information *** aiao 34 Fhnd Mechanics 
and Hast Transtar 


N7S- 10022*# Netioncl Aeronautic* and Space Administration 
Lawns fteeaatch Center. Oavaland. Ohio 

AIROOYNAMIC PERFORMANCE OF A 1 38 PRESSURE 
RATIO AXIAL FLOW FAN 0TA0E 

Waiter M Onbom. Royce 0 Moor*, end Ronald J Stemka Oct 
1970 100 p reft 

(NASA TP-12S9. E 9025) Avail NTIS HCA00/MFAO1 CSCL 
01A 

The overall blade element performance* and the aerodynamic 
design parameter* ere presented for a 1 35-pressure ratio fan 
stag* The fan stag* was designed for a weight flow of 
32 7 kilograms per second and a tip speed of 302 0 meter* 
per second At design ipeed the stage peak efficiency of 0.079 
occurred at a pressure ratio of 1 329 and design how Stag* 
stall margin was approximately 14 percent At design flow rotor 
efficiency was 0 94 and the pressure ratio was 1 300 0 0 


N70- 10023*1 National Aeronautics and Space Administration 
Lewis Re s earch Center. Cleveland. Ohio 

A COMPUTER PROGRAM FOR THE CALCULATION OF THE 
FLOW FIELD IN SUPERSONIC MIXED COMPRESSION 
'NLETS AT ANGLE OF ATTACK USING THE THREE 
DIMENSIONAL METHOD OF CHARACTERISTICS WITH 
DISCRETE SHOCK WAVE FITTING 

Joseph Vedyak (Purdue Unrv . West Lafayette. !rx- 1 Jo* 0 
Hoffman (Purdue Umv . West Lefeyatla. Ind ). and Ansn P Bishop 
Jun 1978 173 p refs 
(Grant NGR 15-006 191) 

(NASA-TM 78947 E 9694) Avail NTIS HC A08/MF A01 
CSCL 01A 

i ne captation procedure is based on thi method of 
uharactsnstics tor steady three-dimensional flow Hie bow shock 
wave ano (na rteMol shock wave system war* computed using 
a discrete shock wav* fitting procedure The grnaral structure 
of the computer program is discussed, and a brief description 
of each subroutine is given All program input parameters are 
defined and a brief discussion on interpretation of the output is 
provided A number of sample cases complete with data deck 
listings, ar* presented G G 


N7» 11000*# National Aeronautics and Space Administration 
lewis Research Center Cleveland Ohio 
SUPERSONIC UNSTALLED FLUTTER 

J J Adam cry! M E Goldstein, and M J Hartmann 1978 
24 o refs Presented at the 52d Meeting of the Propulsion 
and Energetics Panel Cleveland 23-27 Oct 1978 sponsored 
by AGARD 

(NASA TM 79001 E 97851 Avail NTIS HC A02/MF A01 
CSCL 01 A 

Flutter analyses wars developed to predict the onset of 
supersonic unstalled flutter of a cascade of two dimensional 
airfoils The first of these analyte* the onset of supe.-sonic flutter 
at low levels of aerodynamic load.Au he backpresauie) while 
the second examines the occurrence of supersonic flutter at 
moderate levels of aerodynamic loading Both of these analyse* 
ar* based on the linearised unsteady imnscid equations of gas 
dynamics to model the flow field surrounding the cascade These 
analyses ar* utilised in p parametric study to show the effects 
of cascade geometry inlet Mecli number and backpressure on 
the onset of single and multi degree of freedom unstalled 
supersonic flutter Several of the results are correlated against 
experimental qualitative observation to validate the models 

J M S 


N79- 1 1001*| National Aarcnautirs and Space Administration 
Lewis Research Center Cleveland Ohio 

AEROOVNAMIC AND ACOUSTIC EFFECTS OF ELIMINAT- 
ING CORE SWIRL FROM A FULL SCALE 1.8 STAGE 
PRESSURE RATIO FAN (OF BA) 

Rrchard P Woodward Loren W Acker and Edward G Stakolich 
Sep 1978 35 p refs 

(NASA TM 78991 E 9774) Avail NTIS HC A03/MF A01 
CSCL 01 A 

Fan OF 5A was a modification o* fan QF 5 which had an 
additional core stator and adiusted support strut* to turn the 
cor* exit flow from a 30 deg swirl to the ax<al direction This 
modification was necessary to eliminate the impingement of the 
swirling core flow on the axial support pylon of the NASA Lewis 
Quiet Fan Facility that caused aeiodynamic acoustic and structural 
problems with tha original fan stag* at fan speeds greater than 
85 percent of design The isdesigned fan QF 5A did obtain the 
design bypass, ratio with an increased core airflow suggesting 
that th* flow problem was issolved Acoustically, the redesigned 
stag* showed a low trequency broadband noise reduction 
compared to tha results for fan QF-5 at similar operating 
conditions Author 


N 78-1201(*| National Aeronautic* and Space Adrmrnat'ation 
Lewis Research Cant*'. Cleveland. Ohio 

AFFECT OF ROTOR Tir CLEARANCE ANO CONFIGURA- 
TION ON OVERALL PERFORMANCE OF A 1277 
CENTIMETER TIP DIAMETER AXIAL FLOW TURBINE 
Jeffrey E Has* (Army Aviation Raeearch and Development 
Command) and Milton G Kofskay 1878 14 p refs To be 

presented at 24th Ann Intern Conf . San Diago. Calif.. 11-16 Mar. 
1979: sponsored by Am Soc of Mach Engr 
(NASA TM 79025. E-9181-1. AVRADCOM TR 78 541 Avail 
NTIS HC A02/MF A01 CSCL 01A 

The rotor tip clearance was obtained by use of a recess m 
the casing above the rotor blades and alto by use of ■ reduced 
bled* height For th* recessed casing configuration, the optimum 
rotor bled* height was found to be the one where the rotor tip 
diameter we* equal to the stator tip diameter The tip clearance 
loes associated with this optimum recessed casing configuration 
was less than that for the reduced bled* height configuration 

GG 


N79-12018*f National Aeronautics end Space Administration 
Lewie Raeearch Center. Cleveland Ohio 

WINO TUNNEL TEST8 OF A BLADE SUBJECTED TO 
MIDCHORO TORSIONAL OSCILLATION AT HIBH BUS- 
SONIC STALL FLUTTER CONDITIONS 

D R Bculman and A E Buggete Oct 1978 33 p refs 
(NASA TM 78998 E 9782) Avail NTIS HC A03/MF A01 

CSCL 01 A 

A mechanical dnv* system for oscillating blades in a wind 
tunnel at frequences up to 767 herti end amplitude* of 
-f or 12 deg is described High speed motion pictures of 
scMieren images of the flow over a double circular arc blade 
oscillating in harmonic motion about th* midchord revealed 
intensive shock patterns at a nominal free stream Mach number 
of 0 7. a mean angle of attack of 4 deg. and reduced frequency 
of about 0 7 A phase lag resulting from th* slow response of 
the flow to the motion of tha blade increased with increasing 
reduced frequency This phase lag. based on th* difference 
between th* time the blade attained its maximum angla of attack 
and tha lima required for th* normal shock to reach its extreme 
downstream position was nominally 100 deg at the above 
condition* Author 


NTS 12020*1 National Aermautics end Space Administration 
Lewis Research Center. Cleveland. Ohio 

AN APPROACH TO OPTIMUM SOa'ONIC INLET DESIGN 

H W Lindens N 0 Stockman, and J H Oiednch 1978 14 p 
refs Proposed for presentation at th* 24th Ann Intern Get 
Turbine Conf and 1st Solar Energy Conf. 11-15 Mat 1979. 
soon sored by Am Soc of Meeh Engr 
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(NASA-TM 79061 E 9860) Avail NTIS HC A02/MF A01 
CSCL 01A 

Inlet operating requirements •'« com pa rad with aatimatad 
mtai aaparation characteristics to idtntify tha moat critical alat 
operating condition Ttna critical condition • takan 30 be tha 
da a ign point and is dafinad by tha valuaa of inlat mass flow. 
Iraa-ftraam velocity and Met angta of attack. Optimum flow 
diatnbutiona on tha Mat turfaca wars determined to ba a high, 
flat top Mach number distribution on tha Mat lip to turn tha 
flow quickly into tha Mat and a flat bottom skin-fhefton distribution 
on tha diffuser wall to diffusa tha flow rapnfly and efficiently to 
the velocity required at the fan face These optimum distribu- 
tions arc than modified to achieve other desirable flow characteris- 
tics Example applications are given G G 


N79-199G9*! National Aeronautics and Space Adminutrahon 
Lewis flaaaerch Canter. Qawland. Ohio. 

ANALYKG 09 MIKRIOMC CTALL M MO I MG FLUTY* R 
IN MMLrPLOW COMM— 0009 IV ACTUATOR DIM 
TMMOT 

John J Adsmcryk Nov 1979 69 p raft 

(NASA-TP- 1346; E-9 196) Avail NTIS HC A04/MF A01 CSCL 

01A 

An analytical modal waa de v eloped for predKtmg the onset 
of auperaomc ttafl bonding flutter in axial-flow compressor s Tha 
is bmd on two-dlmtocionii. comp rooubAo. umtMdy 
actuator dMk theory tt xi applied to a rotor blade row by 
considering a cascade of airfoils. The effects of shock waves 
and flnw aaparation ate included in tha modal Calculsbons show 
that tha modal predicts tha onset, m an unahroudad rotor, of a 
banding flutter mode that exhibits many of tha characteristics 
of supersonic stall bonding flutter The validity of the analysis 
for predicting this flutter mods a demonstrated Author 


N79- 149M*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THiORETICAL 9TUDV OF VTOL TILT NACELLE AXI9VM- 
METRIC INLET QEOMETHIE9 

J Dennis Hawk and Norbert 0 Stockman Jan 1979 29 p 

refs 

INASA TP- 1380. E 97661 Avail NTIS HCA03/MFA01 CSCL 
01 A 

A systematic theoretical study of VTOL tilt -nacelle inlet 
design parameters is reported The isters considered are 
internal lip contraction ratio, internal-lip major- tominor axis ratio, 
dtffuser-exit-area to throat-area ratio, maximum diffuser wall angle 
and shape Each of the inlets was analyzed at the same given 
flow condition of tree-stream velocity, angle between the free 
stream and centerline of tha inlet, and diffuser -exit Mach number 
The affects of these geometric parameters on surface static- 
pressure distribution, peak surface Mach number, diffusion velocity 
ratio, and tendency for the inlet flow to separate are presented 

Author 


N 79- 14999'f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
AEROOYNAMIC PERFORMANCE 09 9CARF INLET* 

John M Abbott 1979 22 p reft Presented si 17th Aerospace 
Set Meeting. New Orleans La. 15-17 Jan 1979. sponsored 
by AIAA 

(NASA-TM 79065 E 98661 Avail NTIS HC A02/MF A01 
CSCL 01 A 

A scarf inlet is characterized by having s longer lower lip 
than upper lip leading to both aerodynamic and acoustic 
advantages Aerodyne rmcalty a scarf Met has higher angle of 
attack capability and ■ lees likely to ingest foreign objects while 
the aircraft is on the ground Acoustically a scarf Met provides 
for reduced inlet radiated noise levels below the engine as a 
result of upward reflection end refraction of Met radiated noise 
Results of a wind tunnel test program era presented which 
illustrate the aerodynamic performance of two ddlemnt scarf 
inlet designs Based on these results, scarf inlet performance ■ 
summarized m a way to iNustrste the advantages and limitations 
of a scarf Mat compared to an axaymmatnc inlat Author 


N 79- 14999* | National Aeronautics snd Space Administration 
Lewis Rssearch Center. Cleveland. Ohio 

EFFECT OF LI9 AND CENTIRBODV GEOMETRY ON 
AIROOVNAMtC PERFORMANCE OF INLET* FOR TILTING 
NACELLE VTOL AIRCRAFT 

Richard R Burley 1979 27 p Presented at tha 7th Aerospace 
Set Meeting. New Orleans 16-17 Ian 1979: sponsored by 
AIAA 

INASA-TM-79066. E 9866: AIAA Paper 79-0391) Avail NTIS 
HC A03/MF A01 CSCL 01A 

Inlets for titl nscette VTOL aircraft must opsrats over a wide 
range of incidence ingles a no engine weight flows without internal 
flow separation Wind tunnel teats of seals modal Mots wars 
conducted to evaluate tha effectiveness of thraa geometric 
variables to provide this capability Increasing tha lip contraction 
ratio increased the separation angle at all engine weight flows. 
The optimum axial location of tha centerbody occurred whan its 
leading edge was located just downstream of tha mist lip 
Compared with a short centerbody tha optimum location of the 
centerbody resulted m an increase in separation angle at all 
angina weight flows Decreasing tha lip major-to-minor-ax« 
ratio increased the separation angle at the lower engine weight 
flows nuthor 


N 7*-200M*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

WIND TUNNEL PERFORMANCE OF FOUR ENERGY 
EFFICIENT PROPELLERS DESIGNED FOR MUCH 
0.9 CRUISE 

Robert J. Jeradu. Daniel C. Mikketson. end Bernard J. Bis he 
1979 24 p refs Presented at the Business Aircraft Meeting. 
Wichita. Kansas. 3-6 Apr 1979. sponsored by the Soc of 
Automotive Eogr 

(NASA TM 79124. E 9960) Avail NTIS HC A02/MF *01 
CSCL 01A 

Several advanced aerodynamic and acoustic concapts were 
investigated in recant wind tunnel teats performed in tha 
NASA -Lewis Research Canter 8x6 foot wind tunnel These 
concapts included eerodynarmcelty integrated propeller/ nacelles, 
area ruling. Made sweep, reduced blade thickness, end power 
(disk) loadings several times higher than conventional designs 
Four aight-htaded propeller models were tested to determine 
aerodynamic performance Rrlc vs noise measurement! were 
made on three ul the models at cruise conditions Thraa of the 
models wars designed with swept blades snd one with straight 
blades At the dssign Mach number of 0 8. power coefficient cf 
17. and advance ratio of 3 06. tha straight Waded model had 
tha lowest net efficiency of 75 9 percent Increasing the sweep 
to 30 deg improved the performance to nesr 77 percent 
Inetaietic.i of an area-ruled spinner on a 30 dag sweep model 
further improved the efflctency to about 76 percent Tha modal 
with tha highest Wade sweep (46 dag) and an area-ruled spinner 
had tha highest net efficiency of 76 7 percent and (t lower 
power loadings tha effi c iency e xc eeded 60 percent At lower 
Mach numbers tha 30 dag swept modal had tha highest effi ci ency 
Values near SI percent were obtained for the design loading at 
speeds to Mach 0 7 Relative none measurements indicated that 
tha acoustically de s igned 46 dag sweep modal reduced tha near 
field cruise none by between 6 and 6 d6 A R H 


N79 23911*1 National Aeronautics snd Space Administration 
Lawn Research Canter. Cleveland Ohio 

THEORETICAL FAN VELOCITY DI8TORTIONR DUE TO 
INLETS AND NOZZLES 

J Oennn Hawk 1979 12 p reft Presented at tha Workshop 
on V/STOL Asrodyn Monterey. Calif 16-18 May 1979 
I NASA-TM- 79 160; E-006) Avail NTIS HC A02/MF A01 CSCL 
01A 

Nonuniform velocity profiles imposed on the propulsion system 
fan can cause ten Wade stresses snd thrust losses A theoretical 
parametric study of the effects of mists with 0 dsg and 90 dsg 
nozzle deflection on the velocity profile at a hypothetical fan it 
presented Tha parameters investigated are fan to-nozzte spacing 
snd inlet centerline offset The interaction between the inlet end 
nozzle is also investigated Tha study it mads using a two 
dimensional analysis A R H 
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N79 23912*f National Aeronautics and Spaca Administration 
Lawn R stench Center Qavaland. Ohio 

AIRCRAFT ICING 

Barnard J Blaha. comp 1979 147 p rata Workshop hold 

at Ctavaland. 19-21 Jul 1978 

(NASA-CP-2086. FAA-RD-78- 109; E 027) Avail NTI5 
HC A07/MF A01 CSCL 01 C 

Tha raaultt of a confaranca on tha proNarn* of aircraft icing 
a<a raportad For .ndividual tula* aaa N79-23913 through 
N79 23919 


N79 23914*| National Aaronautica and Spaca Admimatration 
Lawia Raaaarch Cantar. Qavaland. Ohio 

EXECUTIVE SUMMARY OF AIRCRAFT ICING SPECIALIST! 
WORKSHOP 

Milton A Bahaim In As Aircraft Icing 1979 p 1-18 (For 
primary documant aaa N79-23912 16-02) 

Avail NTIS HC A07/MF A01 CSCL 01 C 

In a period of aacalating davalopmt nt coata for new 
aircraft. th*ro » growing mtareat in a renewed and coordinated 
icing raaaarch effort to achieve an updating or modernization of 
each aspect of the technological leaues that are involved This 
includes tha data base, analysis methods, test techniques and 
teat facilities l S 


N79-23S20*# National Aaronautica and Spaca Administration 
Lawn Raaaarch Center. Qavaland Ohio 

AN EXPERIMENTAL INVESTIGATION OF FORCED MIXING 
OF A TURBULENT BOUNDARY LAVER IN AN ANNULAR 
DIFFUSER PhD Thesis Ohm State Unhr 

Robert Joaaph Shaw Apr 1979 182 p refs 

(NASA-TM ,9171. E 9947) Avail NTIS HC A09/MF A01 

CSCL 01 A 

Tha forced mixing process of a turbulent boundary layer in 
an aiieymmetnc annular diffuser using conventional wirg-lika 
vortax generators was studied Flow field measurements were 
made at tour axial locations downstream of tha vortax generators 
At each axial location, a total of 26 equally spaced profiles 
were measured behind three consecutive vortax generators which 
formed two pairs of vortax generators Hot him anemometry 
probes measured the boundary >tyer turbulence structure at the 
same locations where pressure i Measurements were made Both 
single and cross him probes were used The diffuser turbulence 
data was taken only for a nominal inlet Mach number of 0 3 
Three vortax generator configurations were tested The differences 
between configurations involved changes in sue and relative vortax 
generator poeitions All three vortex generator configurations 
tested provided increases in diffuser performance Dietinct 
differences in the boundary layer integral properties and skin 
friction levels ware noted between configurations The axial 
turbulence intensity and Reynolds stress profiles measured 
displayed simiianties m trends but diffeiances in levels for the 
three configurations A R M 


N7S-2S01B*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPUTER PROGRAMS FOR CALCULATING TWO 
DIMENSIONAL POTENTIAL FLOW THROUGH DEFLECTED 
NOZZLES 

J Dennis Hawk and Norbert O Stockman May 1979 316 p 

(NASA-TM- 79 144 E 99991 Avail NTIS HC A14/MF A01 
CSCL 01 A 

Computer programs to calculate the incompressible potential 
Bow. corrected for compressibility in two dimensional norites 
el arbitrary operating conditions are presented A statement of 
the problem to be solved, a description of each of the compute- 
programs and sufficient documentation including a test case 
to enable a user to run the pregram are included J M S 


N79-270S3*# National Aeronautics and Spaca Administration 
Lawia Research Canter. Qavaland. Ohio 

PERFORMANCE OF A V/STOL TILT NACELLE INLET WITH 
BLOWING BOUNDARY LAVER CONTROL 

Albert L. Johns. Robert C Williams, and H C Potomdes (Grumman 
Aerospace Corp.. Bathpaga. N. Y.) 1970 13 p refs Presented 
at the 16th Joint Propulsion Conf . Las Vegas. Nev.. 18-20 Jun 
1979. cosponsored by AIAA. SAE and ASME 
INASA TM 79176. E 043) Avail NTIS HC A02/MF A01 CSCL 
01 A 

A tesla model ol a V/STOL tilt naceila httad to a 0 608 m 
single stags fan was tasted in the NASA Lewis 9x15 ft low 
speed wind tunnel to determine the effect of diffuser blowing 
on the inlet aerodynamics and aeromechanical performance Tha 
test was conducted over a range ol freestream speeds (up to 
120 knots) and angles of attack (up to 120 deg) Diffuser blowing 
had • beneficial effect on all performance parameters The angle 
of attack range for separation (ree flow substantially increased, 
end the fan face distortion significantly reduced with a correspond 
mg increase in total pressure recovery Discrete narrow bard 
blade stress peeks which were common *n the nonblowing 
(baseline) configuration were eradicated with diffuser blowing 

VES 


N79-2S146*! National Aeronautics . nd Space Administration 
Lewis R •search Center. Cleveland. Ohio 

WING AEROOYNAMIC LOADING CAUSED BY JET 
INDUCED LIFT ASSOCIATED WITH 9TOL OTW COLOU- 
RATIONS 

U vonGlahn end 0 Groeebeck 1S79 40 p raft Presented 
at Atmoephe-ic Fight Mach Conf . Boulder. Colo . 6-8 Aug 1979. 
sponsored by AIAA 

INASA-TM 79218 E-110) Avail NTIS HC A03/MF A01 CSCL 
01 A 

Surface pressure distributions were obtained wth model-scale 
ST0L-0TW configurations using venous norrles deagned to 
promote flow attachment to the wing/ flap surface The nozzle 
configurations included slot-types and both circular and (lot nozzles 
with external flow deflectors The wing aerodynamic loading 
caused by the |et- induced lift is presented in conventional terms 
of delta p/q as a function of chordwise surface distance in the 
nozzle centerline plane as well as outboard of the nozzle centerline 
Nozzle root/ deflector angle chordwise location of the nozzle, 
wing size end flap deflection angle are included in the geometric 
variables affecting tf * wing loading A.R.H. 


N7B- 2914J*f National Aeronautics end Space Admimatration 
Lewis Research Center Cleveland Ohio 
RECENT APPLICATIONS OF THEORETICAL ANALYSIS TO 
V/STOL INLET DESISN 

Norbert 0 Stockman 1979 18 p refs Presented at Workshop 
on V/STOL Aarodyn Monterey. Calif 16-18 May 1979. 
sponsored by Naval Air Davaiop Cantar 

(NASA TM 7921 1. t 0961 Avail NTIS HC A02/MF A01 CSCL 
01 A 

Tha theorstical analysis methods potential flow and boundary 
layer used at Lawia are described Recent application to Navy 
V/STOL aircraft both fixed and tilt naceila configurations are 
presented A three dimensional inlet analysis computer program 
is described and preliminary results presented An appioach to 
optimum design ol mists for hgh angle of attack operations it 
dieuwsed M M M 


A79 12699 * » Supw. uni tailed flutter. J J Adamczyk. 

M. E Goldstein and M J Hartmann iNASA. Lewis Research Cr tar. 
Cleveland. Ohio) NATO, AGARD. Meeting ol the Propulsion and 
Energetics Panel, 5. 2nd, Cleveland. Ohio. Oct 2327. 1978. Paper 23 
p 8 refs 

Recently two tluttei analyses have been developed at NASA 
Lewis Reseat cn Center to predict the onset ol supersonic unstalled 
llutiet of a cascade of two-dimensional airfoils The first ol these 
analyzes the onset of supersonic flutter at low levels of aerodynamic 
loading (is backpressure! while the second examines the occu> 
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r»nc* of supersonic flutter et moderate levels of aerodynamic 
loading Both of these analyses are based on the linearized unsteady 
inviscid equations of gas dynamics to model the flow field 
surrounding the cascade The details of the development of the 
solution to each ol these models have been published. The obiecnve 
of the present paper is to utilize these analyses in a parametric study 
to show the effects of cascade geometry, inlet Mach number, and 
backpressure on the onset of single and multi degree of freedom 
unstalled supersonic flutter Several of the results front this study are 
correlated against expenmentai quahtat-ve observation to validate 
the models (Author) 


A79-16047 * # Unsteady flow in a supersonic cascade with 
■ubsonx: leading-edge locus. J. J. Adamczyk and M. E. Goldstein 
(NASA, Lewis Research Center, Cleveland, Ohio). AIAA Journal, 
vo I 16. Dec. 1978, p. 1248 1254. 14 refs. 

Lineai ized theory is used to predict the unsteady flow in a 
supersonic cascade with subsonic axial flow velocity. A closed-form 
analytical solution is obtained by using a ooible application of the 
Wiener-Hopf technique. Although numerical and scmianalytical 
solutions of this problem have already appeared in the literature, this 
paper contains the first completely analytical solution. It has been 
staled in the literature that e blade source should vanish at the 
infinite duct resonance condition. The present analysis shows that 
this does not occur. This apparent discrepancy is explained in the 
paper. (Author) 


A79-1B452 * Unsteady vortical and entropic distortions of 

potential flows round artsivary obstacles. M. E. Goldstein (NASA, 
Lewis Research Center, Cleveland, Ohio). Journal of Fluid Meehan 
lice, vol. 89. Dec 13. 1978, p. 433-468. 16 refs. 

The analysis concerns the alterations produced when small 
amplitude disturbances, including entropy and vorticity disturbances, 
are imposed on steady potential flows. For the most general non- 
acoustic incident distortion field that can be imposed on the uniform 
upstream flow, it is shown that the perturbation velocity at any 
point of the resulting unsteady compressible and vortical flow con- 
sists of a part that is a known function of the imposed upstream 
distortion field and the mean flov. variables and a potential part that 
can be found by solving a linear inhomogeneous weve equation with 
a dipole-type source term whose strength is a known function of the 
imposed upstream distortion field. The theory it applied to the 
unsteady flow past a corner, and a closed-form analytical solution it 
found. P.T.H. 


A 79 19495 * 0 High qieed smoke flow visualization for the 

determination of cascade shock losses. J A. Slovitky (Notre Dame. 

University, Notre Dame, Ind ), W. B. Roberts (Nielsen Engineering 
and Research. Inc., Mountain View, Calif. I. and J E Crouse (NASA, 
Lewis Research Center. Fan ant* Compressor Branch. Cleveland. 
Ohio). American Institute of Aeronautics and Astronautics. Aero 
space Sciences Meeting. 17th, hie* Orleans. La.. Jan. 15 17, 1979. 
Paper 790042 11 p 17 refs Grant No NsG 3133 

A flow visualization technique has been developed by which 
quantitative cascade shock loss data can be ascertained without the 
interference effects of intrusive probes The technique is first proven 
feasible by studying the high speed wind tunnel flow around a 
variety of two-dimensional shapes Applicability is demonstrated by 
the testing of a 5% thick sharp-edged flat plate cascade at an 
upstream Mach number of about 1.3. Results a-e compared with the 
relevant theory and total pressure probe data (Author) 


A79- 19624 * 0 An efficient uaar -oriented method tu —alias- 
ing compressible flow about three-dimensional inlets. J L. Hess 

(Douglas Aircraft Co., Long Beach. Calif.) and N. 0. Stockman 
(NASA. Lewis Research Canter, Low Speed Aerodynamics Branch. 
Cleveland. Ohio) American Institute of Aeronautics and Astronau 


tics. Aerospace Sciences Meeting. 17th. A/aw Orleans. La . Jar- 15 ■ 1 7. 
1979. Paper 79-008 f 7 p. Contract No NAS3 21 135. 

This method uses a so-called panel method to calculate 
incompressible flow about arbitrary three-dimensional inlets with or 
without centerbodies for four fundamental flow conditions unit 
onset flows paralltl to each of the coordinate axes plus static 
operation. The computing time is scarcely longer than lor a single 
solution. A linear superposition of these solutions quite rigorously 
gives incompressible flow about the inlet for any angle of attack, 
angle of yaw, and mats flow rate Compressibility is accounted for by 
applying a well-proven correction to the incompressible flow. Since 
the computing times for the combination and the compressibility 
correction are small, flows at a large number of inlet operating 
conditions are obtained very cheaply A number of graphical output 
features are provided to aid the user, including streamline tracing and 
automatic generation of curves of constant pressure. Mach number, 
and flow inclination at selected inlet cross sections. This paper 
describes the method in some detail and presents calculated results. 

(Author) 


A79T9533 * 0 Reynolds number, scale and frequency con 
tent effects on F-1S inlet instantaneous distortion. C. H. Stevens, E. 
D. Spong (McDonnell Douglas Corp., St. Louis, Mo.), J. Nugent 
(NASA, Flight Research Center, Edwards. Calif.), and H. E Neu 
mann (NASA. Lewis Research Center, Cleveland. Ohio). American 
Institute of Aeronautics and Astronautics. Aerospace Sciences Meet 
mg. 17th. A/ew Orleans. La.. Jan 15 17, 1979. Paptr 790104 1 1 p 
6 refs. 

An inlet instantaneous distorton study program sponsored by 
NASA was recently completed using an F-15 fighter aircraft. Peak 
distortion data from subscale inlet model wind tunnel tests are 
shown to be repre- -tative of full scale flight test peak distortion. 
The eHects on peak distortion aic ..ivestigated for engine presence, 
Reynolds number, scale and frequency content. Data are presented 
which show that: (1) the effect of engine presence on total pressure 
recovery, peak distortion, and turbulence is small but favorable. (2) 
increasing the Reynolds number increases total pressure recovery, 
decreases peak distortion, and decreases turbulence, and (31 increas- 
ing the filter cutoff frequency increases the calculated values of both 
peak distortion and turbulence. (Author) 


A79-23510 * * Aerodynamic performance of scarf inlets. J 
M. Abbott (NASA. Lewis Research Center. Cleveland, Ohio). 
American Institute of Aeronautics and Astronautics. Aerospace 
Sciences Meeting, 17th. New Orleans. La.. Jan. 15-17, 1979. Paper 
790380. 21 p. 

A scarf inlet is charactenzeo by having a longer lower Irp than 
upper lip leading to both aerodynamic and acoustic fdvantages 
Aerodynamically. a scarf inlet has higher angle of attack capability 
and is less likely to ingest foreign obiects while the aircraft is on the 
greund. Acoustically, a scarf inlet provides for reduced inlet radiated 
ncise levels below the engine as a result of upward reflection and 
refraction of inlet radiated noise. Results of a wind tunnel test 
prnpam are presented which illustrate the aerodynamic performance 
of two different scarf inlet designs Based on these results, scarf inlet 
performance is summarized in a way to illustrate the advantages and 
limitations of a scarf inlet compared to an axisymmetnc inlet. 

(Author I 


A 79 2 9007 * 0 Evaluation of MOST AS oemputer code for 

predicting dynamic loads >n two bled J wind turbines. K R V Kaza 
(NASA. Lewis Research Center. Cleveland. Toledo. University. 
Toledo, Ohio), D. C. Janetzke, and T. L Sullivan (NASA. Lewis 
Research Center. Wind Energy Projects Office, Cleveland. Ohio). In: 
Structures. Structural Dynamics, and Materials Conference. 20th, St. 
Louis. Mo., April 4 6, 1979. Techniral Papers on Structures and 
Materials. (A79-29002 11 39) New York, American Institute of 
Aeronautics and Astronautics, Inc.. 1979, p. 53-63. 13 rtfs. (AIAA 
79-0733) 
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Calculated dynamic blade loads art compared with measured 
load! over t range of yaw stiffness** of tha DOE/NASA Mod-0 wind 
turbine to evaluate the performance of two veriions of the MOST AS 
computer code. The first vsrsion uiat a time- aver aged coefficient 
approximation in coniunction with a multibiade coordinate transfer 
mation for two-bladad roton to aolva the aquations of motion by 
•tandard aigananalytit. Tha results obtained with this approximate 
analysis do not agree with dynamic blade load amplifications at or 
dose to resonance conditions. Tha results of tha second version, 
which accounts for periodic coefficients while solving the aquations 
by a time history integration, compare wall with tha measured data. 

(Author) 


A79- 30604 * # Axial-flow compressor turning angia and lots 
by invite id -veaous interaction Made- to- blade computation. E. C. 
Hansen, G. K Serovy (Iowa State University of Science and Tech- 
no logy, Ames. Iowa), and P. M. Sock o I (NASA. Lewis Research 
Center, Cleveland, Ohio). American Society o f Mechanical Engineers. 
Gas Turbine Conference and Exhibit and Solar Energy Conference. 
San Ciiego. Calif.. Mr 13-15. 1979. Paper 79GT-5. 7 p. 27 refs. 
Members, SI .50; nonmambert. $3.00. Grants No. ifsG 3033; No. 
AF AFOSR 78 3608, Contract No F3361&7&C2090. 

A method for computation of the flow field around an arbitrary 
airfoil cascade on an axially symmetric blade-to-blade surface was 
developed which t Ats into account the development and separation 
of the blade surface boundary lav an and mixing in the wake. The 
method predicts the overall fluid turning and total pressure loss in 
the context of an inviscid-visoous interaction scheme. The mviscid 
flow solution is obtained from a compressible flow matrix method. 
The viscous flow is obtained from a differential boundary layar 
method which calculates laminar, transitional and turbulent bound- 
ary layers. Provisions for the calculation of laminar and turbulent 
separation regions were added to the viscous scheme. The combined 
inviscid-viacous interaction scheme described yields results which are 
quantitatively consistent with experimental data. This suggests that 
the physical basis for the interactive system is correct and justifies 
continued exploration and use of the method. (Author) 


A 76-30627 * 0 An approach to optimum subsonic inlet 
daeipi R. W. Luidens, N. 0. Stockman, and J. H. Diedrich (NASA, 
Lewis Research Canter, Cleveland. Ohio). American Society of 
Mechanical Engineers. Gas Turbine Conference and Exhibit and Solar 
Energy Conference, San Diego. Calif. . Mar. 1315. 1979. Paper 
79-GT-51. 10 p. 21 refs. Members. $1.50; nonmembers, $3.00. 

fhe approach consists of comparing inlet operating require- 
ments with estimated inlet separation characteristics to identify the 
most critical inlet operating condition. This critical condition is 
taken to be the design pent and is defined by the valuer of inlet 
mass flow, free stream velocity, and inlet angle of snack Optimum 
flow distributions on tha inlet surface are determined to be a high, 
flat top Mach number distribution on the inlet lip to turn the flow 
quickly into the inlet and a low, flat bottom skin friction 
distribution on the diffuser wall to diffusa the flow rapidly and 
efficiently to the velocity required ai the fan face These optimum 
distributions are then modified to achieve other desirable flow 
characteristics. Example applications are given. Extension of the 
method is suggested. (Author) 


A763M10 * S Theoretical fan velocity distortions due to 

Mats and nozzles J. D Hawk (NASA. Lewit Research Center. 
Cleveland. Ohio I Workdiop on V/STOL Aerodynamics. Monterey. 
Calif. May 16 18. 1979 Paper 10 p 

Nonuniform velocity profiles imposed on the propulsion system 
fan can cause fan blade stresses and thrust losses This paper presents 
a theoretical parametric study of the effects of inlets with 0 deg and 
90 deg nozzle deflection on the velocity profile at a hypothetical fan 
The parameters investigated am fan-to-nozzle spacing and inlet 
centerline offset. The interaction between the inlet and nozzle a also 
investigated. The study is made using a two-dimensional analysis 

(Author) 


A7647346 * f Wing aerodynamic loading aauaed by jet 
Induced lift aaaoelaaad with STOL-OTW configurations. U. von Glahn 
and 0. Gr setback (NASA, Lewis Research Center. Cleveland, Ohio). 
American Institute of Aeronautics and Astronautics. Atmospheric 
Elifit Mech anics Conference. Boulder, Cob.. Aug. 6-8. 1979. Paper 
791664 38 p. 6 refs. 

Surface pressure distributions were obtained with model-scale 
STOL-OTW configurations using various noz. vs designed to promote 
flow attachment to the wing-flap surface. Tha nozzle configurations 
included slot-typei and both circular end slot nozzles with external 
flow deflectors The wing aerodynamic loading caused by the 
jet-induced lift it presented in conventional terms of delta p/q as a 
function of chcrdwise surface distance in the nozzle centarline plane 
ss well at outboard of the nozzle centerline. Included in the 
geometric variables affecting the wing loaoi.sg ere nozzle roof / 
deflector angle, diordwise location of the nozzle, wing size, end flap 
deflaction angle. (Author) 


A76-47347 • 0 Performance of a V/STOL tit naoafle Mat 
w*rh blowing boundary layar control. A. L. Johns. R. C. Williams 
(NASA. Ltwit Research Canter, Cleveland, Ohio), and H. C. 
Potonides (Grumman Aaroqsace Corp Bathpage. N.V.). AIAA. 
SAE. and ASME. Joint Propulsion Conference. 15th. Las Vegas, 
Nee.. June 1820. 1979. AIAA Peper 79 1 163 1 1 p. 5 refs. 

A seal* model of a V/STOL tilt nacalla fitted to a 0.508 m single 
ftage fan was tested in the NASA Lewis low weed wind tunnel to 
determine the effect of diffuser blowing on the inlet aerodynamics 
end aeromechanics! per prmence The test was conducted over a 
range of freestream speeds (up to 120 knots) and engles-or attack (up 
to 1 2 J deg). In general, diffuser Mowing had a beneficial effect on all 
performance parameters. The angle-of-attack range for a separation 
free flow substantially increased, and the fan fact distortion reduced 
with a corresponding increase in total pressure recovery. Discrete 
narrow band blade sress pecks which were common to the 
nonblowing (baseline) configuration ware eradicated with diffuser 
blowing. V.T. 


A79-49630 * * Recent applications of theoretical analysis to 
V/STOL inlet detipi. N O. Stockman (NASA. Lewis Research 
Center. Cleveland, Ohio). U.S Nevy, Workshop on V/ST'JL Aero- 
dy ram ics, Monterey, Caht.. May 16-16. 1979, Paper. 16 p. 17 refs. 

A brief description of the axisymmetrlr pot» flow and 
boundary layer analysis methods used at the NAaA Lewis Research 
Center, is presented. Application of this method to inlet problems 
arising from both tilt-nacelle and fixed-nacelle V/STOL aircraft 
configurations is illustrated A three-dimensional inlet analysis 
computer program is described and the preliminary results presented 
Finally, a suggested approach to optimum design o< inlets tor high 
angle-of attack operation is discussed. M.E.P 


N 76-120t4*| General Dynamics/ Fort Worth. Tan 

EXPERIMENTAL INVESTIGATION OF A 0 18 SCALE MODEL 
OF AN UNOERFUSELAQE NORMAL SHOCK INLET 

FbM Report 

P C Learner end I G Kennon 1978 332 p ref* 

(Contract NAS3 211391 

(NASA CR 3049) Avail NTIS HC A15/Mt A01 CSCL 01A 
A 0 1 6 (cate model of an underfuaefiage inlet designed lor 
e tingle-engine fighter airptene we* letted Tse inter we* a 
fixed -geometry normal-shock configuration designed to operate 
at flight speed* up to Mach 2 0 Peformence data tor the basic 
inlet end aevera 1 configuration varwoont are p-esented ■ 
function of angle of attack angle of side tlx) and airflow m the 
0 6 to 2 0 Mach number range The configuration variation* 
included boundary-layer diverter height, cowl and spiitter piet* 
modification* and ml#! bleed system variations Flow-held 
characteristics at tha simulated engine face, at the inlet throat, 
at tha splitter -plata leading edge and forward of tha inlet art 
praaemed Tha pressure recovery of tha inlet m approximately 
equal to tho product of theoretical normal shock and duct pressure 
recoverable at cruise angle of attack Vary good performance at 
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03 AIR TRANSPORTATION AND 
SAFETY 

Include* passenger and cargo air transport operations 
and aircraft accidents 

For related information see also f 6 Space Transportation 
and 85 Urban Technology and Transportation 


N79 16013*1 National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

AIRCRAFT CARIN OZONE M* * 4UREMENTS ON B747 100 
AND 0747 SP AfRCRAF CORRELATIONS WITH 
ATMOSPHERIC OZONE r»..J OZONE ENCOUNTER 
STATISTICS 

Porter J Perkins. J 0 Holdeman. and Daniel J Gauntner Jan 
1978 41 p refs Presented at a Tech Briefing on Ozone. 

Cleveland Ohio. 19 Jan 1978 

(NASA -TM 79060 E 9875) Avail NTIS HC A03/MF A01 
CSCL OOF 

Simultaneous measurements of atmospheric (outside I ozone 
concentration and ozona levels in the cabin of the 8747-100 
and B747-SP airliners werv made by NASA to evaluate the 
ancraft cabin ozone contamination problem Instrumentation on 
these aircraft measured ozone from an outside probe end at 
one pom| m the cabin Average ozone in the cebm of the 8747-100 
was 39 percent of the outside Ozone in the cabin of the 8747 SP 
measured 82 percent or the outside, before corrective measures 
Procedures to reduce the ozone in this aircraft included 
changes in the cabin air circulation system, use of the high 
temperature 15th stage compressor bleed end charcoal Altars 
in the inlet cabin air ducting, which as separate actions reduced 
the ozone to 58. 19 and 5 percent respectively The potential 
for the NASA instrumented 8747 aircraft to encounter high levels 
of cabin ozona was derived from atmosphenc oxone measurements 
on these aircraft Encounter frequencies for two 8747- 100 s were 
comparable even though the route structures were different The 
B747-SP encountered high ozone than did the 8747- 100's 

Author 


N7S-21022*||I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

OZONE CONTAMINATION IN AIRCRAFT CABINS: 
OBJECTIVES AND APPROACH 

Porter J Perkins In its Ctone Contamination in Aircraft Cabirtc 
Mar 1979 p 1-2 (For primary document see N79-21021 12-03) 
Avail NTIS HCA05/MFA01 CSCL06S 

Three panels wore developed to solve the problem of ozone 
contamination in aircraft cabins The problem is defined from 
direct in flight measurements of ozone concentrations inside and 
outside airliners in their normal operations Solutions to the cabin 
ozone problem are discussed under two areas (1) flight planning 
to a “Oid high ozone concentrations, and (2) ozone destruction 
techniques mstal'ed in the cabin air systems 5.E S 


N7S-2102S*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

OZONE CONTAMINATION IN AIRCRAFT CABINS: 
SUMMARY OF RECOMMENDATIONS 

Porter J Perkins In its Ozone Contamination in Aircraft Cabin-. 
Mar 1979 p 11-12 (For pnmary document see N79 21021 
12 031 

Avail NTIS HC AOa/MF A01 CSCL 06S 

Recommendations from the three panelc on in-flight measure 
ments. night planning to avoid high ozone, and ozone destruction 
techniques are summarized S E S 


N7B-/M027*| National Aeronautics and Space Administration 
Lawt* Research Canter. Cleveland Ohio 

OZONE CONTAMINATION IN AIRCRAFT CABINS: POST 
WORKSHOP REVIEW OF Rfc COMMENDATIONS 

Porter J. Perkins In its Ozone Contamination in Aircraft Cabins 
Mar 1979 p 13 16 (For primary document s«* N79 21021 
12-03) 

Avail NTIS HC A05/MF A01 CSCL 06S 

The recommendations level of prionty for accomplishment, 
and recommended approaches and responsibility for imnlementa 
lion as established by the review are presented S.E.S 


N78-2102S*! National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

OZONE CONTAMINATION IN AIRCRAFT CABINS 
APPENDIX B: OVERVIEW PAPERS. IN FLIGHT MEASURE 
MENTS 

Porter J Perkins In its Ozone Contamination in Aircrzft Cabins 
Mar 1979 p 21-29 (For primary document see N79-21021 
12-03) 

Avail NTIS HC A05/MF A01 CSCL 06S 

The NASA Global Atmospheric Sampling Program ozone 
measurements were obtained to establish to charactanstics of 
the ambient ozon*. concentration during routine operations and 
to determine the attenuation of ambient concentrations of cabin 
air systems from simultaneous ambient and in cabin measure 
ments The characteristics of eminent ozone include (1) maximum 
concentration. (2) duration of ozone encounter*. (3) frequency 
of ozone dunng a flight. (4) variability of ozone during a flight. 
(5) in relation to routes, altitude, and meteorological conditions. 

S.E.S. 


N7B-33171*! Na’ionel Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

PROCEDURES FOR ESTIMATING THE FREQUENCY OF 

COMMERCIAL AIKLiNE FLIGHTS ENCOUNTERING HIGH 

CABIN OZONE LEVELS 

James D Holdeman Oct 1979 66 ;i refs 

I NASA- TP 1560 E 9991) Avail NT'b HC A04/MF A01 CSCL 

01C 

Three analytical problems in estimating the frequency at which 
commercial airline flights will encounter high cabin ozone levels 
are formulated and solved namely estimating flight-segment 
meen levels, estimating r.aximum per flight levels and estimating 
the maximum average level over a specified flight interval For 
each problem, soluhon procedures are given for different levels 
of input information - from complete cabin ozone data, wh-ch 
provides a direr i solutior. to limited ozone information, such as 
ambient ozonv means and standard deviations with which several 
asaumptiOM aie necessary to obtain the required estimates Each 
procedure is illustrated by an example case calculation that uses 
simultaneous cabin and ambient ozone data obtained by the 
NASA Global Atmospheric Sampling Program Critical assump- 
tions ara discussed and evaluated, and the several solutions for 
each problem are compared Example calculations ara also 
performed to illustrate how variations in lattituoe altitude, season, 
retention ratio, flight duration and cabin ozone limits affect the 
estimated probabilities Author 


A79-27571 * Simultaneous measuremer.u of ozone outside 

and muds cabins of two B 747 airliners and a Gates Leariet business 

jet P J. Perkins end D Bnehl (NASA. Lewis Research Center. 
Cleveland. Ohiol. In' Confer-nce on Atmospheric Environment of 
Aerospace Systems and Applied M« lto *ology. New York, N.Y., 
November 14-16, 1978, Preprints t^-."’9-275»^7 10-47) Boston. Mass., 
American Meteorological Society. 1978, p 39-44 15 refs. 

Recently, passengers and crew members on long-distance com- 
mercial flights have filed complaints after suffering symptoms of 
ozone sickness Studies were conducted to determine the frequency 
end concentration of ozone in com.nerciat (at transports. The airliner 
problem with ozone prompted NASA to determine the o zone 
concentrations that might be encountered in the cabin of a small 
business |et Simultaneous measurements of atmospheric ozone levels 
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and ozone levell in the cabins ol jet aircraft were necessary because 
of the wide and rapid variability of atmospheric ozone in flight. It 
was found that the atmospheric ozone concentrations in the case of 
B-747 airliners vary widely during a flight. A constant diffeience, or 
ratio, between ozone concentrations outside end inside the cabin 
does not exist. G R. 


N79 23*40*ili Boeing Commercial Airplane Co . Seattle. Wash 

INFLIGHT FUEL TANK TEMPERATURE SURVEY DATA Final 
Report 

A J Fation May 1979 60 p refs 
(Contract NAS3 208151 

INASACR 159569 D6 486111 Avail NTIS 

HC A04/MF A01 CSCL 01C 

Statistical summaries of the fuel and air temperature data 
for twelve different routes ano lor different aircraft models (B747. 
B707. OC 10 and DC-81, are given The minimum fuel tctal air 
and static air temperature expected for a 0 3% probability were 
summarized in table form Minimum frel temperature extremes 
agreed with calculated predictions and the minimum fuel 
temperature did not necessarily equal the minimum total air 
tempeiature even for extreme weather long range flight* RES 


04 AIRCRAFT COMMUNICATIONS 
AND NAVIGATION 

Includes digital end voice commv-ucation wrth mil II. 
■i' navigation systems (satellite and ground baiad ); and 
•ir traffic control 

For ralatad information aaa aiao >7 Spacecraft Com- 
munications. Command, and Tracking and 32 Communica- 
tions 


N79-31185*# Nationa Aeronauics and Space Administration 
Lewis Research Center Cleveland Ohio 

UHF COff LAMAR SLOT ANTENNA FOR AIRCRAFT-TO- 
SATELUTE DATA COMMUNICATIONS 

Royce W Mvhre 1979 21 p refs Presented at the Printed 
Grcuit Antenna Technol Workshop. Lss Cruces. N Max.. 
17-19 Oct 1979 soonsored by New Mexico State Unnr and 
the Army Res Office Physical Sci Lab 

iNASA TM 79239. M 46) Avail NT1S HC A02/MF A01 CSCL 
176 

A lightweight low drag cr ~nar slot antenna was Jevelopeo 
for use on commercial jat aircraft that will provide upper 
hemisphere coverage m the UHF band at frequencies of 402 
and 4F8 MHz is described The antenna is designed to transmit 
meteorological data from wide body iet aircraft to ground users 
via synchronous meteorological data relay satellites The low 
profile antenna (23 5 cm wide by 38 1 cm long slot by 1 9 cm 
high) is a corformal antenna utilizing the coplanar approach 
with the advantages of broad frequency bandwidth and improved 
electrical integrity over wide range of temperature The antenna 
is circular polarized, has anon axis gam of near +25 dB and a 
HPBW greater than 90 deg Areas discussed include antenna 
design radiation characteristics flight testing and system 
performance K L 


N79 33186** Nt onal Aeronautics and Space Administration 

Lewis Research Center. Cleveland Ohio 

MULTIPLE SPEED EXPANDABLE BIT SYNCHRONIZER 

James M Bcndingar Aug 1979 13 p refs 

(NASA TM 79262 E- 176) Avail NTIS HC A02/MF A01 CSCL 

17G 

A multiple speed bit synchronizer was designed for installation 
m an martial navigation system data decoder to extract non-return- 
to-zero level data and clock Signal from biphase level data The 
circuit automatically senses one of four prs - determined biphase 
data ites and synchronizes the proper clock rate to the data 
Through a simple expansion of the basic design synchronization 
of r, re than four bmanly related data rates can be accomplished 
The design provides an easily adaptable low coat, low power 
utternatrve to external bit synchronizers with additional savings 
in size and weight A.R H 


A79 1 49*. 9 • An airborne, meteorological data collection 

system using satellite relay /ASDAR/. J W Bagwell and B G. 

Lmdow (NASA. Lewis R'seareh Center. Cleveland. Ohiol Irtstru 
ment Society of America. International Telemetering Conference. 
Los Angeles Calif . Nov 14 16. 1978. Paper 16 p 

The papei describes the aucraft to satellite data relay IASDARI 
protect which processes information collected by the avigation and 
data systems ot widebodv tet aircraft which cross data sparse areas of 
the nopics and sou'hern hemisphere The ASDAR system consists of 
a data acquisition and control unit to acquire, store, and format 
latitude, longitude altitude, wind speed, wind direction, and outside 
au temperature data a transmitter to relay the formatted data via 
satellite to the ground and a clock to time the data sampling and 
uansmi- sion periods ML 


A79-17092 * Automated meteorologies data from oomnsar- 

csaf aircraft via satSlita - Present experience and future impli cat ion!. 
R Sternberg (NASA. Lewis Research Center. Cleveland. Ohio). In: 
International Conference on Maritime and Aeronautical Satellite 
Communication end Navigation. London. England. March 7-9, 1978. 
Proceeding (A79-1 7086 05-04) London, Institution of Electrical 
Engineers. i978, p. 33-36. 

Tlie National Aeronautics and Space Administration has devel- 
oped a low-cost communications system to provide meteorological 
data from commercial aircraft, in near real-time, on a fully 
automated basis. The complete system including the low profile 
antenna and all installation hardware weighs 34 kg. The prototype 
system has been installed on a Pan American B-747 aircraft and has 
been providing meteorological data (wind angle and velocity, 
temper :ure, altitude and position as a function of time) on a fully 
automated basis for the past several months. The results have been 
exceptional. This concept is expected to have important implications 
for operational meteorology and airline route forecasting. lAuthor) 
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05 AIRCRAFT DESIGN. TESTING 
AND PERFORMANCE 

InuudM aircraft simulation technology 
For related information see also 10 Spacecraft Design. 
Testing end Performance and 39 Structure/ Mechanics 


N79-24976* National Aeronautics and Space Administration 
Lawns Research Canter. Cleveland Ohio 
SELF STABILIZING SONIC INLET Patent 

Brent A Millar, inventor (to NASA) Issued 15 May 1979 5 p 
Filed 29 Mar 1978 

I NASA- Casa- LEW 11890-1. US-Patem-4. 154.256 
US Patent- Appl-SN 89 1 244 US Patent-Class- 137- 15 1; 

US Patent-Class 244 53B) Avail US Patent and Trademark 
Office CSCL 01 C 

An inlet suitable for a turbine engine m a STOL VTOL or 
CTOL aircraft is described A circumferentially extended slot is 
provided in the mnei surface ol the air inlet at .he windward 
side and downstream of the throat region The slot communicates 
with a circumferential plenum chamber formed in the front of 
the air inlet iust behind the lip Circumferentially extending rows 
of apertures are provided on the lip establishing two sets of 
apertures spaced circui 'erentially away from the slot in opposite 
directions The slot removes the boundary layer from the critical 
portion of the diffuser to minimize or eliminate flow pressure 
loss or separations resulting from diffusion or tuning The apertures 
are in a region of low static pressure cn the lip of the inlet and 
serve as a source of suction to cause air flow into the slot 

Official Gazette of the U S Patent and Trademark Office 


A79-289/0 * • Investigation of wing shielding effects on 
CTOL engine noise. H. E. Bloomer (NASA, Lewis Research Center. 
Cleveland. Ohio). American Institute of Aeronautics and Astro- 
nautics. Aeroecoustics Conference. 5th. Seattle, Wash.. Mar. 12-14. 
1979. Paper 79-0663 33 p. 9 refs. 

A full scale engine wjng shielding investi' ion was conducted at 
the Lewis Research Center using a 97.9 N (22,000 lb) thrust 
turbofan engine and a simulated wing section sized around a 
conventional-take-off type four-engine narrow body airplane. Sound 
data wer" obtained for the wing placed at seven positions ir. a plane 
parallel to the engine axis, and were compared to data obtained 
without the wing at both take off and approach power. In addition 
the engine was operated with and without extensive acoustic treat- 
ment indudinn a sonic inlet in order to evaluate wing shielding 
effectiveness with a highly suppressed engine. The wing shielding 
effectiveness was also calibrated using a 3.8 cm diam air nozzle as a 
sound source Results indicated thst ,-ver. though about 10 dB broad 
band shielding was achieved, the equivalent flyover noise reduction 
was less than 3.0 EPNdB for most configurations. (Author) 
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06 AIRCRAFT INSTRUMENTATION 

Includes cockpit and cabin display devices, and flight 
instruments 

For related information see also IS Spacecraft Instru- 
mentation and 35 Instrumentation and Photography 


N79 23963* • National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

COMBINED PRESSURE AND TEMPERATURE DISTORTION 
EFFECTS ON INTERNAL FLOW OF A TURBOFAN ENGINE 

W M Braithwaite and Ronald H Soeder 1979 19 p refs 

Presented at the 15th Joint Propulsion Conf . Las Vegas. 
18-20 Jun 1979 cosponsored by AIAA. the Soe of Automotive 
Engr . and ASME 

(NASA TM-79136 E 99841 Avail NTIS HC A02/MF A01 
CSCL 21E 

An addit.jnal data base for improving and verifying a computer 
simulation developed by an engine manufacturer was obtained 
The multisegment parallel compressor simulation was designed 
to predict the effects of steady -state circumferential inlet 
total -pressure and tota- tumperature distortions on the flows into 
and through a turbofan compression system It also predicts the 
degree of distortion that will result in surge of the compressor 
The effect of combined 180 deg square- wave distortion patterns 
of total pressure and total temperature m various relative positions 
is reported The observed effects of the combined distortion on 
a unitary ‘'ypass ratio turbofan engine are presented in terms of 
total and static pressure profiles and total temperature profiles 
at stations ahead of the inlet guide vanes as well as through 
the fan-ccmpressor system These observed profiles are com- 
pared wrth those predicted by the complex multisegment model 
The effects of relative position of the two components comprising 
the combined distortion on the degree resulting in surge are 
discussed Certain relative positions required less combined 
distortion than either a tempera»'jre or pressure distortion by 
itself S E S 


N79 23966* f National Aeronautics and Space Administration 
Lewis Hesearch Center CJevelar w>no 

EFFECT OF DEGREE OF FUEL VAPORIZATION UPON 
EMISSIONS FOR A PREMIXt U PReVAPORIZEO COMBUS 
TiON SYSTEM 

L P Cooper 1979 17 p refs Presented at the 15th Joint 

Propulsion Conf Las Vegas 18-20 Jun 1979 cosponsored by 
AIAA. SAE and ASME 

(NASA TM 79154 E 0101 Avail NTIS HC A02/MF A01 CSCL 
21E 

An experimental and analytical study of the combustion of 
Dartialiy vaporized fuelair mixtures was performed to assess the 
impact of the degree of fuel vaporization upon emissions for a 
premixtng prevaponzmg flametube combusto- Oata collected 
show near linear increases in nitrogen oxide emissions with 
decreasing vaporization at equivalence ratios of 0 6 For 
equivalence ratio of 0 72 the degree of vaporization had very 
little impact on nitrogen oxide emissions A simple mechanism 
which accounts for the combustion of liquid oroplets in partie lly 
vaporized mixtures was found to agree with the measured results 
with fan accuracy with respuct to both trends and magnitudes 

Author 


A79-50333 * Airborne atnotpheric • mplmg system. U R. 

C Gustafsson (United Airlines. Inc.. San i-.jncisco, Calif ). P J. 
Perkins. T W Nyland. V W Tiefermann, and T J Dudzmski 
(NASA, Lewis Research Center Cleveland. Ohio). In Learning to 
use Our environment. Proceedings of the Twenty-fifth Annual 
Technical Meeting Seattle. Wash , April 30May 2. 1979 (A79- 
50326 22 42) Mount Prospect III. Institute of Environmental 
Sciences, o 48 5 1 

The atmospheric sampling system developed for use on board 
commercial airliners as part of the Global Atmospheric Sampling 
Program (GASP! is described The automated air constituent measur- 


ing system is installed m a Boeing 747 airliner below the passenger 
cabin floor near the nose wheel well. It consists of an air sample flow 
system, composed of air inlet and pressurization systems, computer- 
ized data acquisition and system control units which direct system 
operation- in 15 modes, and commercial instruments significantly 
modified to measure low levels of atmospheric constituents (ozone, 
water vapor, nitrogen oxides, carbon monoxide, chlorofluorome- 
thanes, particuiatet. condensation nuclei, sulfates and nitrates). 
Flight and meteorological data, including air temperature and 
altitude, are also recorded. The system is designed for servicing at 
14-day intervals and to require a minimum of aircrew involvement. 

A.LW. 


N7B-120G4*# Pratt and Whitney Aircraft Group. East Hartford. 
Conn Commercial Products Drv 

ENERGY EFFICIENT ENGINE PRELIMINARY DESIGN AND 
INTEGRATION STUDY 

D E Gray at el Nov 1979 36? p 
I Contract NAS3 20628) 

(NASA CR 135396 PWA 5500 18) Avail NTIS 

HC A16/MF A01 CSCL 21E 

The technology end configurational requirements of an all 
new 1990 s energy efficient turbofan engine having a twin spool 
arrangement with a directly coupled fan and low-pressure turbine, 
a mixed exhaust nacelle, and a high 38 8 1 overall pressure 
ratio were studied Maio' advanced technology design features 
required to provide the overall benefits were a high pressure 
ratio compression system a thermally actuated advanced 
clearance control sysrem l ightweight shroudless fan blades a 
low maintenance cost one-stage high pressure turbine a short 
efficient miser and structurally integrated engine and nacelle A 
conceptual design enefysrs was followed by integration and 
performance analyses of geared . '"w direct -dove fan engines 
wrth separate or mixed exhaust na c elle s to refine previously 
designed engine cycles Preliminary design and more detailed 
engine -aircraft integration analysis were than conducted on the 
more promising configurations Engine and aircraft sizing fuel 
burned and airframe noise studiej on protected 1 990 s domestic 
and international atcraft produced suffcient definition of 
configurational and advanced technology requirements to allow 
immediate initiation of component technology development 

A R H 


N79- 120B7*| Battalia Columbus Labe Ohm 

COMPUTER-AIDED ANALYSIS AND DESIGN OF THE 
SHAPE ROLLING PROCESS FOR PRODUCING TURBINE 
ENGINE AIRFOILS Final Report. 1 Oel 1S7S 30 Jun. 

1978 

G D Lahoti N Akgerman. and T Allan Dec 1978 251 p 
refs 

(Contraci NAS3 203801 

i NASA- CR 159445) Avail NTIS HC A12/MF A01 CSCL 
21E 

Mild steel (AISl 1018) was selected as model cold .oiling 
material and Ti 6A1 4 v and Inconel 718 were selected as 
typical hot rolling and cold rolling alloys, respectively The flow 
stress and workability of these alloys were characterized and 
friction factor at the roll/ workpiece interface was determined at 
then respective working conditions by conducting nng tests 
Computer-aided mathematical models for predicting metal flow 
and stresses and for simulating the shape rolling process were 
developed These models utilized the upper bound and the slab 
methods of analysis and were capable of predicting the lateral 
spread roll separating force roll torque and local stresses 
strains and strain rates This computer-aided design system was 
also capable of simulating the actual rolling process and thereby 
designing the roll pass schedule in rolling of an airfoil Or a 
similar shape JAM 
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07 AIRCRAFT PROPULSION AND 
POWER 

Includes pnm» propulsion systems and systems compo 
nents eg gas turbine engine* and compressors. and 
on-board auxiliary power plants lor aircraft 

For related information see also 20 Spacecraft Propulsion 
snd Power. 20 Proponents end fuels, and 44 Energy 
Production end Conversion 


N7* 100C7* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

APPARATUS AND METHOD FOR REDUCING THERMAL 
STRESS IN A TURSINE ROTOR Patent 

Jack A Heller inventor (to NASA) Issued 3 Oct 1978 6 p 

Filed 4 Mar 1977 Supersedes N77- 18160 (15 - Cfl. p 1 1351 
I HP SA Case LEW 1 2232- 1 . US Patent -4. 1 1 7.669 
US Patent Appl SN 776029 US-Patent Class-60 39 14 
L S-Patent Class 415-115. US-Patent Class 415-116) Avail US 
Patent Office CSCL 2 IE 

A gas turbirs is described wherein the thermal stresses m 
the turbine rotor are reduced The rotor includes a central disc 
with a penpheral nm and a plurality of blades extending radially 
outward from the nm To reduce thermal stresses, a duct 
arrangement is provided which selectively directs hot gases from 
the turbine combustor to the nm during the turbine start up 
The hot gases 'rom the combustor serve to heat the nm. and 
decrease the start up period necessary to bring the temperature 
profile of the rotor into the operating temperature range After 
the start up period the duct arrangement is then used to direct 
cool gases from the turbine compressor to the nm of the rotor 
in order to maintain a lower rotor equilibnum temperature 

Official Garette of the U S Patent Office 


N79 1 0040* f National Aeronautics and Spec* Administration 
Lewis Research Center. Cleveland. Ohio 

PERFORMANCE OF SINGLE STAGE AXIAL FLOW TRAN 
SONIC COMPRESSOR WITH ROTOR AND STATOR ASPECT 
RATIOS OF 1.18 AND 1.2S. RESPECTIVELY. AND WITH 
DESIGN PRESSURE RATIO OF 182 

Lonme Reid and Royce D Moore Nov 1978 103 g refs 
(NASA-TP 1338 E 94611 Avail NT1S HC A06/MF A01 CSCL 
21E 

The overall and blade-element performance of a Ijw aspect - 
ratio transonic compressor stage is presented over the stable 
operating flow range at 70 90 and 100 percent design speeds 
At design speed the rotor and stage achieved peak efficiencies 
of 0 872 and 0 845 at pressure ratios of 1 875 and 1 842 
respectively The stage stall margin at design speed was 
218 percent Author 


N7S 11043*# National Aeronautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

INFRARED SUPPRESSOR EFFECT ON T63 TURBOSHAFT 
ENGINE PERFORMANCE 

Evere.t E Builey Kestutis C Civmskas and Curtis L Walker 
Sep 1978 14 p rel 

(NASA TM 78970 E 9730 AVRADCOM TR 78 38IPU) Avail 
NOS HC A02/MF A01 CSCL 21 E 

Tests were conducted to determine if there are performance 
penalties associated with the installation of infrared IIRI 
suppressors on the T63 A 700 turboshaft engine The testing 
was done in a sea level static test cell The same engine 
IA E 402 808 8) was run with the standard OH 58 aircraft exhaust 
stacks and with the elector type IR suppressors in order to 
make a valid comparison Repeatability of the test results for 
the two conhguiations was verified by rerunning the conditions 
over a period of days Test results showed no measurable 
difference m performance between the standard exhaust stacks 
and the IR suppressors Author 


N7B 11067*# National Aeronautics and Space Administration 

Lewis Research Center Oeve'and Ohio 

GAS PATH SEAUNG IN TURBINE ENGINES 

Lawrence P Ludwig In AGARD Seal Techno! in Gas Turbine 

Eng Aug 1978 41 p refs (For primary document see N79- 1 1056 

02 07) 

Avail NTIS HC A13/MF A01 CSCL 21E 

Gas path saals are discussed with emphasis on sealing 
clearance effects on engine component efficiency, compressor 
pressure ratio and stall margin Various case-rotor relative 
displacements, which affect gas path seal clearances are dentified 
Forces produced by nonuniform sealing clearances and their effect 
on rotor stability are examined qualitatively and recent work on 
turbine blade tip scaling for high temperatures is described The 
need for active clearance control and for engine structural analysis 
■s discussed The functions of the internal-flow system and its 
seals are reviewed A R H 


N79 11070*1 National Aeronautics and Space Admimstra’ion 
Lewis Research Center Cleveland Ohio 

SELF ACTING SHAFT SEALS 

Lawrence P Ludwig In AGARD Seal Technol m Gas Turbir.e 
Fng Aug 1973 29 p refs (For primary document see N79 11056 
02 07) 

Avail NTIS HC A13/MF A01 CSCL 131 

The operating principle and design of the self acting seal is 
reviewed Mathematical models for obtaining a seal force balance 
and the equilibrium operating film thickness a>e outlined Particular 
attention is given to primary ring response Iseal vibration) to 
rotating seat face runout This response analysis reveals three 
different vibration modes with secondary seal friction being an 
important parameter Leakage flow inlet pressure drop and affects 
of axisymmetnc and nonaxisyrnmetric sealing face deformations 
are discussed Experimental data on self acting face seals updating 
under simulated gas turbine conditions are given these data 
show the feasibility of operating the seal at conditions of 345 N 
sq cm 1500 psit and 152 m/sec I 500 ft/secl siding speed 
Also a spiral groove seal design operated to 244 m/sec 
(800 ft /sec) is described A R H 


N7B- 12083*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

PRELIMINARY STUDY OF OPTIMUM OUCTBURNING 
TURBOFAN ENGINE CYCLE DESIGN PARAMETERS FOR 
SUPERSONIC CRUISING 

Laurence H. Ftshbach Nov. 1978 26 p refs 

INASA-TM 79047. E 98561 Avail NTIS HC A03/MF A01 

CSCL 21E 

The effect of turbofan engine overall pressure ratio, fan 
pressure ratio, and duetbumer temperature rise on the engine 
weight and cruise fuel consumption for a mach 2 * supersonic 
transport was investigated Design point engines opt mixed purely 
for the supersonic cruising port on of the flight w'lere the bulk 
of the fuel is consumed, ere considered Basse 1 on constant 
thrust requirements at cruise fuel consumption considerations 
would favor medium by pass ratio engine* (1 b to 1 8) of overall 
pressure ratio ol about 16 Engine weight considerations favor 
low bypass ratio (0 6 or less) and low wverall pressure ratio 
(8) Combination of both effects results in bypass ratios of 3 6 
to 0 8 end overall pressure ratio of 12 being the overall 
optimum A R H 


N 78 12086*1 National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

EFFECT OF FLIGHT LOADS ON TURBOFAN ENGINE 
PERFORMANCE DETERIORATION 

E G Stakolich. A Jay (Pratt and Whitney Aircraft East Hartford. 
Conn ). E S Todd (Pratt and Whitney Aircraft. East Hartford. 
Conn I. P G Kafka IBoeing Com Airplane Co . Renton. Wash ). 
and J L Whit* (Boeing Com Airplane Co . Renton. Wash ) 
1973 22 p refs Proposed for presentation at the 24th Ann 
Intern Gas Turbine Conf . Sen Diego. Calif. 11-15 Mar 1979. 
sponsored by the Am Soc of Mech Engr 
INASA TM 79041 E 9844) Avail NTIS HC A02/MF A01 
CSCL 2 1C 
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A significant percentage of high bypass ratio, turbofan engine 
performance deterioration was caused by an increase m operating 
clearance between fan/ compressor end turbine blades and their 
outer aw seats These me reused clearances resulted from rubs 
induced by a combination of engine power transients and aircraft 
flight loads An analytical technique for predicting the effect of 
quspi steady state aircraft flight loads on engine performance 
deterioration was developed end is presented Thrust, aerodynamic 
and inertia loads were considered Analytical results are shown 
end compared to actual engine test experience J A M 


N7S-120SB*f National Aeronautics and Space Administration 
Laws Research Center. Cleveland. Ohio 

NASA RESEARCH ON GENERAL AtflATION ROWER 
PLANTS 

Warner L Stewart. Richard J. Weber Edward A Willis, and 
Gilbert K Sievers 1978 14 p refs Proposed for presentation 
at the 16th Ann Meeting and Tech Display. Washington. 0 C. 
6-8 Feb 1979. sponsored by AIAA 

(NASA TM 79031. E 9828 Avail NTIS HC A02/MF A01 
CSCL 21A 

Propulsion systems are key factors m the design and 
performance of gonnral aviation airplanes NASA research 
prrgrsms that are intended to support improvements in these 
engines are described Reciprocating engines are by far the 
most numerous powerpiants m the aviation fleet, near-term efforts 
are being made to lower their fuel consumption and emissions 
Longe -term work includes advanced alternatives, such as rotary 
and lightweight diesel engines Work is underway on improved 
turbofans and turboprop* Author 


N7S-19BBS a f National Aeronautics snd Space Administration 
Lewie Resear c h Canter. Cleveland. Ohio 

LOW- CYCLE FATIGUE OF THERMAL BARRIER COATINGS 
AT MX OEG C 

Albert Kaufman. Curt H Uebert and Alfred J Nachtigall Dec 
1B78 20 p refs 

(NASA-TP-1322. E 96881 Avail NTIS HCA02/MFA01 CSCL 
21E 

The low-cycle fatigue lives of Zr02-Ni''rAIY and AI203-Zr02 
NiC/AJY thermal- berner coating s at air at 982 C were determined 
from cycfcc flexural tests of coated TAZ-BA strips Strains were 
computed as a function of specimen dnplacements from a 
n o n linear, three-dimensional stress analysis program Fatigue 
ree ts ncea of thermal-bomer costings applied to the (trips were 
compared with those of uncoeted and NiCrAIY-costed stnps 
The r eeiit s indicate that Zr02 is about four times greater m 
fatigue life than TAZ-8A at 982 C that Zr02 would probably 


N7B-130BB*# National Aeronautics and Space Administration 
Lawns R esear c h Canter. Cleveland Ohio 

COLD AIR PERFORMANCE OF FREE POWER TURBINE 
DEEM NED FOR 112 KILOWATT AUTOMOTIVE GAB- 
TURBINE ENGINE X: EFFECT OF STATOR VANE ECO 
CLEARANCES ON PERFORMANCE 

Mitt on G. Kofskey snd Kerry L McLaMin Dec 1978 41 p 

reft 

(Centred EC-77-A-31-101 1) 

(NASA TM 78956 OOE/NASA/ 101 1-78/29) Avail NTIS HC 
A03/MF A01 CSCL21A 

An experimental investigation of a free power turbine designed 
for a 112-kW. automotive gas turbine angina wss made to 
determine the penalty m performance due to the stator vena 
snd clearances Tests wars made over a rsngs of mean section 
stator vena angles horn 28 deg to 60 deg (at measured from 
the plane of rotation) with the vane end clearances Med Theee 
results were compered with test results of the seme turbine 
with vane end clearances open At design equivalent values of 
rotative speed and pressure ratio and at a vena angle of 35 deg. 
the mesa flow with the vane end clearances filled was about 
8 percent lower than mass flow with vane end clearances open 
The decrease m mass flow was mitigated by increasing the 


N7B-140GS* National Aeronautics snd Space Administration 
Lewis Research Center. Cleveland. Ohio 

CAM OPERATED PITCH CHANGE APPARATUS Patent 

Philip E. Barnes, inventor (to NASA) (United Technologies Corp.. 
Windsor Locks. Conn) Issued 7 Nov 1E78 8 p Filed 9 Oct 
1974 Published under the second Trial Voluntary Protest Program 
as 8 613. 346. 9 Mar 1976 Sponsored by NASA 
I NASA -Casa- UEW- 1 3060- 1 : US- Patent -4. 124.330. 
US-Pstem-AppI SN -513346. US-Pitent-aess-416 1678. 
US-Petent-Qees-416 162. US-Pttent-Oess-4 16-180; 
US-Petent-Qees-418-167) Avail US Patent and Trademark 
Office CSCL 01 C 

A pitch-change apparatus for • ducted thrust fan having I 
plurality of variable pitch blades employs a camming ring mounted 
coaxially at the hub at an axially fixed station along the hub 
axis for rotation about the hub axis bo(h with the blades snd 
relative to the Medea The ring has a generally s p heric a l outer 
penphery and a plurality of hehcel camming grooves extending 
in a generally sphencal plans on the oenphery Each of the 
vanabfe pitch Medea a connected to s pitch-change horn having 
a cam follower mounted on its outer end. snd the camming 
nog and the home are so arranged about the hub axis that the 
plurality of followers on the home engage respectively the plurality 
of hehcel camming grooves Rotary drive meant rotates the 
camming nng relative to the Medes to cause Made pitch to be 
changed through the cooperative operation of the camming 
grooves on the nng end the cam followers on the pitch-change 
horns Official Gazette of the U S. Patent and Trademark Office 


N7B-140M* National Aeronautics and Space Administration. 
Lewie Research Center. Cleveland. Ohio 

INTEGRATED GAS TURBINE ENGINE NACELLE Resent 

Arthur P Adamson (GE. Cincinnati). Donald F Sarguson (GE. 
Cincinnati), and Charles L Stoder. Jr . inventors (to NASA) (GE. 
Cincinnati) Issued 2 Jan 1979 9 p Fried 22 Dec 1976 

Continuation of abandoned US Patent Appl SN 52210b. Ned 
8 Nov 1974 Sponsored by NASA 
(NASA Case LEW- 12389 3. US-P«tent-4. 132.069. 

US Patent Appl-SN 753452. US-Patent Oass-60-226R: 

US- Patem -Class 60-226A. US-Pstsnt-aass-60 39 31: 

US Patent Class 244-54. US-Patent dess 137-15 1: 

US- Patent-Class -4 16-201 . US-Patent Cless-4 1 5-200: 
US-Pstsnt-Appl-SN-552106) Avail US Palsnt snd Tradamart 
Office CSCL 21 E 

A nacelle for use with s gas turbine engine is provided 
with an integral webbed structure resembling s spoked wheel 
tor rigKfly interconnecting the nacelle end engine The nacelle is 
entirely supported in its special relationship with the engine by 
means of the webbed structure The inner surface of the nacelle 
de f ines the outer limits of the engine motive fluid flow annulus, 
wtuie the outer surface of the nacelle defines a streamlined 
envelope lor the engine 

Official G •?< »he U S Patent and Trademark Office 


N7B-140B7* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
VARIABLE AREA EXHAUST NOZZLE Resent 

Everett A Johnston, inventor (to NASA) (GE. Cincinnati) Issued 
2 Jen 1979 8 p Filed 30 Api 1975 Sponsored by NASA 

(NASA Case LEW 12378 1 US Patent 4.132.068. 

US-Patent Appi-SN-573029 US Patent Class 60 226A. 

US- Patent -Class 239-285 391 Avail US Patent and Trademark 
Office CSCL 2 IE 

An exhaust nozzle for s gas turbma engine comprises . a 
number of arcuate flaps pivotally connected to the trailing edge 
of a cylindrical casing which houses tha engine Seals disposed 
within the flaps are spring biased and extensiMa beyond tha 
tide edges of the flape The seals of adjacent flaps are maintained 
in seeling engagement with each other when the flaps are adjusted 
between positions defining minimum nozzle flow tree and the 
cruae position ExtensiM* spring biased seal', t . also disposed 
within the flape ediacent to s supporting pylon to thereby engage 
the pylon in • sealing arrangement The flaps are hinged to the 
casing at tha central portion of the flap* leading edges and ars 
connected to actuators st opposed outer portions of the leading 
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tdgn to thereby rninmut the mechanical adv* nteg* » the 
actuation of the Hap* 

Official Gantt* of the U S Patent and Trad 'mark Office 


NTt ltOM'l National Aeronautics and Space Administration 
Lewis R esearch Canter. Cleveland. Ohio 

Cl NAM 1C CO ATI NO EFFECT ON LINER METAL TEMPERA 
TUNIS Of PI Jtt COOLED ANNULAR COMRURTOR 

RueaeM W Claus Jerrold 0 Wear and Curt H Ueben Jan 
1979 24 p refs 

(NASA TP- 1323. E-9732) Avan NTIS HC A03/MF A01 CSCl 
21E 

An experimental and analytical investigation was conducted 
to determine the effect of a ceramic coating on tha average 
metal tamper at urea of fuP annular him cooled combustion 
chamber knar The investigation was conducted at p r essure* from 
0 50 to 0092 At all tee' conditions, expen mental results indicate 
that application of a ceramic coating will result m significantly 
lower wan temperatures In a simplified heat transfer analysis 
agreement between a span mental and calculated knar 'empera 
lures was achieved Simulated spalling of a amal. portion of the 
ceramic coating r**u»??d m only small increases m liner tempera 
lure because of the thermal conduction of heat from the hotter, 
uncoated liner metal Author 


N79 140RR*f National Aeronautics and Space Administration 
Lewis Wees rich C inter Cleveland. Ohio 

EFFECT Of RWIRLiR MOUNTED MIXING VCNTURI ON 
EMI89ION9 Of FLAME TURS COMRURTOR URtNO JIT 
A PU1L 

David R Ercogovic Jan 1979 23 p refs 

(NASA TP 1393 AVRADCOM TR 78 41 E 97921 Avail NTIS 

HC A02/MF AO I CSCL 21E 

Six haadplate modules in a flame tuba combustor were 
evaluated Unburned hydrocarbons, carbon monoxide and oxides 
of nitrogen were meas u red for thiee types of fuel iniectors both 
with and without a mix.-rg venturi Tests were conducted using 
|Ot A fuel at an mlet pressure of 0 69 megapascal an mlet 
temperature of 478 K. and an isothermal static praesi*rs drop 
of 3 percent 0 tides of nitrogen were reduced by over SO percent 
with a mixing ventun with no performance penalties in art her 
other gaseous emissions oi pressure drop G G 


N79 16044* f Boetng Military Airplane Development Seattle 

Wash 

A METHOD TO ERT1MATI WEIGHT AND DIMENSION* 
Of LARGE AND SMALL OAR TURRINE ENGINE R 

E Onat and G W idees Jan 1979 136 p refs 
(Contract NAS3 212051 

(NASA CR 159481) Arad NTIS HC A07/MF A01 CSCL 
21E 

A computerised method was developed to estimate weight 
and envelop* dimensions of large and small gat turbine engines 
within a or - 5% to 10\ The method « based on correlations 
of component weight and design features of 29 data base engines 
Rotating components w«- e estimated by a preliminary design 
procedure which is sensitive to blade geometry operating 
conditions material properties shart speed hub tip ratio etc 
The development and tustihcation of the method selected and 
the various methods of analysis are discussed B 8 


N79 15047*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE AOVANCEO LOW EMI9RIONS CATALYTIC 
COMRURTER PROGRAM PHARE 1 DESCRIPTION AND 
RTATUR 

Andrew J Szaniszto 1979 13 p refs To be presented at 

the 24th Ann Intern Gas Turbine Conf and 1st Solar Energy 
Conf . San Diego Calif 11-15 Mar 1979 sponsored by the 
Am Soc of Mach Engr 

(NASA TM 79049 E 9853) Avail NTIS HC A07/MF A01 
CSCL 2 IE 


An overview of the ongoing program m presented Obfectrve* 
plan, schedule, pollution and performance goals catalyst 
advantages present problems, and the present status of identified 
combustor concepts are disc us* ad The poeaible increae* in upper 
atmosphere oxides of nitrogen INOx) levels due to aircraft number 
density increases was predMed to adversely decrease a/on* 
concentration levels A technique for achieving low NOx emission 
levels was experimentally demonstrated with a lean, premising 
prevaporizing flame-tube combustor 8 8 


N7R 15049* f National Aeronautics end Spec* Administration 
Lewis Research Center Cleveland. Ohio 

NAHA THERMAL RARRIER COATING I: RUMMARY AND 1 
UPDATE 

Francis S Step La 1978 23 p refs Presented at Pro| SQUID 
iONR) Workshop on Cooling Problems in Aircraft Gas Turbines. 
Monterey Calif 27-29 Sep 1978 sponsored by AFOSR. Naval 
Air Systems Command, and ONrt 

(NASA TM- 79063 E 9882) Avail NTIS HC A02/MF A01 

CSCL 21 E 

A durable, two-layer, plasma -sprayed coating -nnsisttng of 
a ceramic layer over a metallic layer was developed that has 
the potential of insulating not engine parts and thereby reducing 
metal temperatures and coolant flow requirements and/or 
permitting us* of less costly and complex cooling confrgurauons 
and materials Tha result* are summarized of analytical and 
experimental investigations of the coatings on flat matal 
specimens, turbine vanes e"d blade*, and combustor liters 
Discussed ere results of investigations to determine coating 
adherence and durability, coating thermal, strength end fatigue 
properties and chemical reactions of the costing with oxide* 
and sulfate* Also presented are the affect of the coating on 
aerodynamic performance of a turbine vane, measured vane and 
CO .bust or liner temperatures wi«h and without the coating, and 
p' edict ed turbine metal temperatures and coolant flow reductions 
potentially possible with the coating Included also are summaries 
of some current research related to the coating and potential 
applications for the coating Author 


N7R- 1R04R*| National Aeronautics and Space Ad’ mstration 
Lewis Research Center. Cleveland Ohio 

EFFECT OF FORWARO VELOCITY AND :R058W1N0 ON 
THE REVERRS THRURT PERFORMANCE OF A VARIARLE 
PITCH FAN ENGINE 

D C Ree/nsnyder and D A Sagerser 17 Jan 1979 21 p 

ref* Presented at the 17th Aerospace Sci Meeting New Orleans. 
15-17 Jan 1979 sponsored by Am Inst of Aaron and 
Astronautics 

(NASA TM 79059 E 9873 AIAA 79 01061 Avail NTIS 
HC A02/MF A01 CSCL 21E 

A full size variable pitch fan angina was tasted in the Amos 
40 by 80 foot wind tunnel so determine the affect of forward 
velocity and crosswmd on reverse-thrust performance Two 
flight-type inlet configuration* -vers tested, and a flarod fan nczzle 
was installed at an inlet for reverse thrust operation Steady-state 
reverse thrust performance was obtained up to 54 m/s 
1105 knots) An abrupt decrease in reverse thrust occur ed at 
about 30 m/s (90 knots) Raws* thrust was established 
following forward to revars* thrust •- •n*«*rts both staticrjfty and 
with forward velocities only up to 30 m/s Author 


N79 15060*11 National Aeronautics and Spec* Administration 
Lewis Research Center Cleveland Ohio 

THE NARA HIGH PRERRURE FACILITY AND TURRINE TE8T 
RIR 

Francis S Steps* 1978 17 p refs Presented at the Protect 

SQUID IONR) Workshop on Cooling Probl m Aircraft Gas Turbines 
Monterey Calif 27 28 September 1978. sponsored by AFOSR 
Naval Air Systems Command and ONR 

(NASA TM 79054 E 98631 Avail NTIS HC A02/MF A01 
CSCL 21E 

A description ol the facility and turbine test rig is presented 
Also discussed is I he turbine cooling test program LS 
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I >79-16061 'I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

PRELIMINARY OCQAT PROGRAM TEST RESULTS 

R W Koenig and G K Sievers 1979 19 p refs To be 

presented at the Business Aircraft Meeting. Wichita. Kas . 3 6 Apr 
1979. sponsored by SAE 

(NASA TM 79013. E 9802) Avail NTIS HC A02/MF A01 
CSCL 21 E 

NASA Lewis ilesearch Center is conducting a program to 
demonstrate that large commercial engine technology can be 
applied to general aviation engines to reduce noise emissions 
and fuel consumpt.on and to develop new technology where 
required The overall engine program, design, and technology 
incorporated into the QCGAT engines are described In addition, 
preliminary engine test results are presented and compared to 
the technical requirements the engines were designed to meet 

SE S 


N79 15062*# Teledyne Continental Motors. Mobile. Ala 
COMPUTER SIMULATION OF AN AIRCRAFT ENGINE FUEL 
INJECTION SYSTEM Firel Report 

David D Hester Jun 1978 93 p refs 
(Contracts NAS3 19755 DOT FA74NA 1091) 
(NASA-CR-157641 AD A060452 FAA-NA 78 156. 

FAA RD 78-671 Avail NTIS HC A05/MF A01 CSCL 21/7 
An analytical model ol the Teledyne Continental fuel system 
was studied to provide a basis for quantitatively exploring 
deficiencies in the sy«tem response which lead to poor exhaust 
emission characteristics A computer model of the fuel system 
was developed t ased on component testing and found to give 
accurate predictions ioi pressures and flow rates within the system 
The model was used to investigate modifications to the system 
for improved fuel management and reduced exhaust emissions 
The effect of improved fuel management on engine exhaust 
emissions is evaluated F 0 S 


N79- 16957*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

MEASURED AND PREDICTED NOISE OF THE AVCO 
LYCOMING YF 102 TURBOFAN NOISE 

Bruce J Clark. Jack G McAidle. and Leonard Homyak 1979 
18 p refs Presented at 5th Aeroacoustics Conf . Seattle. 
12-14 Mar 1979 sponsored by AIAA 

(NASA TM 79069 E 9885. AIAA Paper 79 0641) Avail NTIS 
HC A02/MF A01 

Acoustic testing of the AVCO-Lycoming YF-102 turbofan en- 
gine was done on a static test stand in support of the quiet short- 
haul research aircraft acoustic design Overall noise levels ere re 
dominated by the fan noise emanating from the exhaust duct, 
except at .high power settings when combination tones were 
generated in the Ian inlet Component noise levels calculated 
by noise prediction methods were in reasonable agreement with 
the measured results Far-field microphones placed At ground 
hvel were found superior to those at engine center! ne height 
even at high fiequencies J AM 


N79- 16968*# National Aeronautics and Space Ad ministration 
Lewis Research Center Cleveland Ohio 

THE GATE STUDIES; ASSESSING THE POTENTIAL OF 
FUTURE SMALL GENERAL AVIATION TUFrBINE ENGINES 

William C Strack 1979 24 p rafs Presetted at the Intern 

Ann Gas Turbine Conf San Diego Calif 11-15 Mar 1979 
sponsored by Am Soc of Mechamca 1 Engineers 
(NASA TM 79075 E 9892) Avail NTIS HC A02/k'F A01 
CSCL 21 E 

Four studies were completed that explore the opportunities 
for future General Aviation turbine engines IGATEI in the 
150 1000 SHP class These studies foiecasted the potential 
impact of advanced technology turbine engines in the post 1988 
market identified important aircraft ann missions, desirable engine 
sizes engine performance and cost goals Parametric evaluations 
of various engine cycles configurntions design features, and 
advanced technology elements defined baseline conceptual 
engines foi each of the important missions identified by the 


market analysis Both fixed-wing and helicopter aircraft, and 
turboshaft. turboprop, and turbofan engines were considered 
Sizable performance gams (e g . 20% SFC decrease) and large 
engine cost reductions of sufficient magnitude to challenge the 
reciprocating engine in the 300-500 SHP class were predicted 

JAM 


N79- 16969*# National Aeronautics and Space Administration 
Lewis Research Center. Oeveland. Ohio 

APPLICATIONS OF VELOCITY POTENTIAL FUNCTION TO 
ACOUSTIC DUCT PROPAGATION AND RADIATION FROM 
INLETS USING FINITE ELEMENT THEORY 

K J Baumeister and R K Ma||igi (GE Co . Cincinnati Ohio) 
1979 12 p refs Presented at the 5th Aeroacoustics Conf 

Seattle. Wash 12-14 Mar 1979. sponsored by AIAA 
(NASA TM 79071. E 9888) Avail NTIS HC A02/MF A01 
CSCL 2 IE 

A Finite element velocity potential program was developed 
to study acoustic wave propagation in complex geometries For 
irrotationa! flows, relatively low sound frequencies, and plane 
wave input the finite element solutions showed significant effects 
of inlet curvature and flow gradients on the attenuation of a 
given acoustic liner in a realistic variable area turbofan inlet 
The velocity potential approach can not be used to estimate the 
effects of rotational flow on acoustic propagation, since the 
potential acoustic disturbances propagate at the speed of the 
media in sheared flow Approaches am discussed that are being 
considered for extending the finite element solution to include 
the far field, as well as the internal portion of the duct A new 
matrix partitioning approach is presented that can be incorporated 
in previously developed programs to allow the finite element 
calculation to be marched into the far field The partitioning 
approach provided a large reduction in computer storage and 
running times JAM 


N79- 16960*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland. Ohio 

ANALYSIS OF RADIATION PATTERNS OF INTERACTION 
TONES GENERATED BY INLET RODS IN THE JT16D 
ENGINE 

M F Heidmann and A V Saule 1979 27 p refs Presented 
at the 5th Aeroacoustics Conf Seattle 12 14 Mar 1978 
sponsored by AIAA 

(NASA TM 79074 E 9891I Avail NTIS HC A03/MF A01 
CSCL 2 IE 

Interaction tones were intentionally generated by circumferen- 
tial arrays of equally spaced rods that protrude radially from the 
inlet wall near the face of the 28 blade fan Arrays of 28 and 
41 rods, selected to give specific far field radiation properties, 
were tested The expected properties were readily apparent in 
the measured radiation patterns A more detailed analysis of 
the test data showed both the precision and limitations of the 
applied acoustic theory Rods protruding 23 percent of the 
radius predominantly generated only lowest radial order modes, 
as expected Measured and predicted radiation patterns were 
generally in good agreement The agreement however depended 
on a significant degree of implied refraction due to inlet velocity 
gradients Refraction if present would impact static flight noise 
comparisons Author 


N79 16961*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE ROTARY COMBUSTION ENGINE A CANDIDATE FOR 
GENERAL AVIATION 

1978 190 p refs Symp held at Cleveland Ohio. 28 Feb 

1978 

(NASA CP 2067. E 9800) Avail NTIS HC A09/MF A01 CSCL 
21A 

The state of development of the rotary combustion engine 
■s discussed The nonturbine engine research programs for general 
aviation and future requirements for general aviation powerplants 
are emphasized For individual titles, see N79 15962 through 
N79 15968 
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N 79 16968*# National Aeronautics and Space Admimstretion 
Lewis Research Center. Cleveland. Ohio 

EVALUATION OF TWO INFLOW CONTROL DEVICES FOR 
FLIGHT SIMULATION OF FAN NOISE USING A JT1SO 
ENGINE 

W L Jones J G McArdle and L Homyak 1979 17 p refs 

Presented at 5th Aeroecoustics Con' . Seattle. Washington 12-14 
Mar 1978. sponsored by AIAA 

(NASA TM 79072; E 98891 Avail NTIS HC A02/MF A01 
CSCL 21E 

The program was developed to accurately simulate flight 
fan noise on ground static test stands The results generally 
indicated that both the induct and external ICO s were effective 
in reducing the inflow turbulence and the fan blade passing 
frequency tone generated by the turbulence The external ICD 
was essentially transparent to the propagating fan tone but the 
irlduct ICD caused attenuation under most conditions Author 


N7S-1SS49*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

NEW OPPORTUNITIES FOR FUTURE SMALL CIVIL 
TURBINE ENGINES: OVERVIEWING THE GATE STUDIES 

William C Strack 1979 36 p Proposed for presentation at 

the Business and Aircraft Meeting Wichita Kans 3-6 Apr 1979. 
sponsored by Soc of Automotive Engineers. Inc 
(NASA TM-79073. E 9890) Avail NTIS HC A03/MF A01 
CSCL 21E 

An overview of four independent studies forecasts the 
potential impact of advanced technology turbine engines in the 
post 1988 market, identifies important aircraft and missions 
desirable engine sues engine performance, and cost goals 
Parametnc evaluations of various engine cycles configurations, 
design features, and advanced technology elements defined 
baseline conceptual engines for each of the important missions 
identified by the market analysis Both fixed-wing and helicopter 
aircraft, and turboshaft, turboprop, and turbofan engines were 
considered Sizable performance gains (e g 20% SFC decrease), 
and large engine cost reductions of sufficient magnitude are 
predicted to challenge the reciprocating engine in the 300- 
500 SHP class G G 


N7B 16862*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECT OF CASING TREATMENT ON PERFORMANCE OF 
A TWO STAGE HIGH PRESSURE-RATIO FAN 

Donald C Urasek Feb 1979 68 p refs 

(NASA TP 1409. E 89971 Avail NTIS HC A04/MF A01 CSCL 
21E 

A two stage fan. previously tested with a solid casing, was 
tested with a casing with circumferential grooves over the tips 
of both rotors leasing treatment) Tests were conducted at 
80 and 100 percent of design speed with uniform flow The 
casing treatment improved the flow range and stall margin 
significantly without changing the characteristics overall perform 
ance curves of total-pressure and efficiency as functions of weight 
flow other than extending them to lower weight flows Author 


N79 17859* H National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COLD AIR PE'li’OItMANCE OF FREE POWER TURBINE 
DESIGNED FOF 112 KILOWATT AUTOMOTIVE GAS 
TURBINE ENGINE 2 EFFECTS OF VARIABLE STATOR 
VANE CHORD SETTING ANGLE ON TURBINE PERFORM 
ANCE Final Report 

Kerry L McLallin and Milton G Kofskey Feb 1979 53 p 

refs 

I Contract EC 77 A 31 101 II 

INASA TM 78993 DOE/ NaT X/ 101 1 78/28 E 97751 Avail 
NTIS HC A04/MF A01 CSc.. 21A 

The cold air performance of an axial flow power turbine with 
a variable stator designed for a 112 kW automotive gas-turbine 
engine was determined at speeds from 30 to 110 percent of 
design and at pressure ratios from 111 to 2 67 Performance 
is presented in terms of equivalent mass flow torque power 


and efficiency for stator-vane-chord setting angles of 26 degs. 
30 degs. 35 degs (design). 40 degs. 45 degs and SO degs 
Turbine braking performance at a nominal stator setting angle 
of 107 degs is also presented Turbine efficiency increased with 
increasing stator setting angle A 10-point efficiency increase 
was obtained by opening the stator from the design setting 
angle of 35 degs to a setting angle of 45 degs Author 


N78-20114*# National Aaronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

PARAMETRIC PERFORMANCE Of A TURBOJET ENGINE 
COMBUSTOR USING JET A AND A DIESEL FUEL 

Helmuth F Butze and Francis M Humenik Mar 1979 44 p 
refs 

(NASA-TM 79089. E 99 1 3) Avail: NTIS HC A03/MF A01 
CSCL 2 IE 

The performance of a single-can JT8D combustor was 
evaluated with Jet A and a high-aromatic diesel fuel over a 
parametnc range of combustor-inlet conditions Performance 
parameters investigated were combustion efficiency, emissions 
of CO unburned hydrocarbons and NOx. as well as liner 
temperatures and smoke At all conditions the use of diesel fuel 
instead of Jet A resulted in increases in smoke numbers end 
liner temperatures, gaseous emissions on the other hand, did 
not differ significantly between the two fuels Author 


N7B-201 IS* | National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

TESTS OF NASA CERAMIC THERMAL BARRIER COATING 
FOR GAS-TURBINE ENGINES 

Curt H Uebert 1979 10 p refs Presented at the Intern. 

Conf on Met Coatings. San Diego. Calif . 23-27 Apr 1979 
(NASA-TM 79116. E 9846 1) Avail NTIS HC A02/MF A01 
CSCL 21E 

A two-layer thermal barner coating system with a bond coating 
of nickel-chromium aluminum-yttrium and a ceramic coating of 
yttna-stabilizad zirccma was tested for corrosion protection, 
thermal protection and durability Full-scale ges-turbme engine 
tests demonstrated that this coating eliminated burning, melting, 
and warping of uncoated parts During cyclic corrosion resistance 
tests made in manne diesel fuel products of combustion in a 
burner rig. the ceramic cracked on some spec mens Metallography 
examination showed no base metal deterioration S.E S 


N79-220B9*! National Aeronautics and Space Administration 
Lewis Research Cenier Cleveland. Ohio 

PERFORMANCE OF A VORTEX CONTROLLED DIFFUSER 
IN AN ANNULAR SWIRL CAN COMBUSTOR AT INLET 
MACH NUMBERS UP TO 0.63 

John M Smith Washington Apr 1979 17 p refs 

(NASA-TP 1452. E 9832) Avail NTIS HC A02/MF A01 CSCL 
21E 

A short annular dump diffuser with suction stabilized vortices 
in the region of abrupt area change was tested with a full 
scale annular swirl can combustor The prediffuser area ratio 
was 1 4 Performance data were obtained for both isothermal 
and burning conditions at inlet temperatures of 589 to 895 K 
and pressures of 0 5 to 10 MPa for a range of diffuser inlet 
Mach numbers from 0 25 to 0 53 Suction rales were 0 to 20 
percent of the total dtffuser mass flow rate Diffuser effectiveness 
increased Irom 47 percent without suction to approximately 80 
percent for a total suction rate of 14 percent Combustor total 
pressure loss lor the same total suction rate was reduced from 
6 8 percent without suction to 4 0 percent at an inlet Mach 
number of 0 40 Author 
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M78-2JOM*# National Aaronautict and Space Admmiatration 
Law u. Research Canter. Cleveland Ohio 

SFFECT OF PRIMARY ZONE EQUIVALENCE RATIO ON 

POLLUTANT FORMATION 

Rusaall W Claw May 1979 20 p refs 

I NASA- TP- 1483; E-9B9S) Avail NTIS HCA02/MFA01 CSCL 

21E 

Taat were conducted to determine the effect of primary- 
zone equivalence ratio on the formation of smoke and other 
gaseous pollutants in an experimental can combustor Several 
fuel infection techniques were examined at primary-zone 
equivalence ratios from 0 P to 2 0 The mam emphasis was on 
reducing fuel-nch -combustion smoke levels Two of the four fuel 
infection configurations studied produced smoke levels below a 
smoke number of 20 at a primary-zone equivalence ratio of 
about 17. As the fuel mixing and atomization were recorded at 
primary-zone equivalence ratios as high as 2 0 The gaseous 
emissions of unburned hydrocarbons, carbon monoxide, and oxides 
of nitrogen were quite sensitive to the fuel infection configuration 
as well as to the pnmary-zone equivalence ratio Author 


N7S-23SS3*# National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland. Ohio 

COMBINED PRESSURE AND TEMPERATURE DISTORTION 
EFFECTS ON INTERNAL FLOW OF A TURBOFAN ENGINE 

W M Braithwana and Ronald H Soeder 1979 19 p refs 

Presented at the 15th Joint Propulsion Conf . Las Vegas. 
1S-20 Jun 1979. cosponsored by AIAA. the Soc of Automotive 
Engr . and ASME 

(NASA TM-79136 E 9984) Avail NTIS HC A02/MF A01 
CSCL 21E 

An additional data base for improving and verifying a computer 
simulation devalopad by an engine manufacturer was obtained 
The multisegment parallel compressor simulation was designed 
to predict the effects of steady -state circumferential inlet 
total -pressure and total temperature distortions on the flows into 
and through a turbofan compression system It also predicts the 
degree of distortion that will result in surge of the compressor 
The affect of combined 180 deg square wave distortion patterns 
of total pressure and total temperature m various relative positions 
■ reported The observed effects of the combined distortion on 
a unitary bypass ratio turbotan angina are presented in terms of 
total and static pressure profiles and total temperature prohtes 
at stations ahead of the inlet guide vanes as well as through 
the fan-compressor system These observed profiles are com- 
pared with those predicted by the complex multisegment model 
The effects of relative position of the two components comprising 
the combined distortion on the degiee resulting in surge are 
discussed Certain relative positions required less combined 
distortion than either a temperature or pressure distortion by 
itself SES 

N79 23944*1 National Aeronautics and Space Administration 
Lewis Research Cantei Oeveland. Ohio 

LEAN. FREMIXEO. PREVAPORIZEO COMBUSTION FOR 
AIRCRAFT GAS TURBINE ENGINES 

Edward J Mulerz 1979 18 p rets Presented at the 15th 

Propulsion Conf Las Vegas 18 20 jlun 1979 cosponsored by 
AIAA. the Soc of Automotive Eng and ASME Prepared in 
cooperation with Army Aviation Res and Develop Command 
St Louis Mo 

(NASA-TM 79148. E-0O4 AVRADCOM TR 79 18) Avail 
NTIS HC A02/MF A01 CSC,. 2 IE 

The application of lean piemixed prevaponzed combustion 
to aircraft turbine engine systems can lesult in benefits in terms 
of superior combustion perfoimanace improved combustor and 
turbine durability and environmentally acceptable pollutant 
emissions Laen. premised prevaponzed combustion is particularly 
attractive for reducing the oxides of nitiogen emissions during 
high altitude cruise The NASA stratospheric cruise emission 
reduction program will evolve and demonstrata lean premised 
prevaponzed combustion technology for aircrah engines This 
mult .phased program is described In addition, the various elements 
Of the fundamental studies phase of the piogram are reviewed, 
and results to date of many of these studies sre summarized 

Author 


N79-239#t*Jf National Aeronautics and Space Administration 
Lewis Research Center. Oeveland. Ohio 

EFFECT OF DEGREE OF FUEL VAPORIZATION UPON 
EMISSIONS FOR A PREMIXED PREVAPORIZEO COMBUS- 
TION SYSTEM 

l_ P Cooper 1979 17 p refs ('resented at the 15th Joint 

Propulsion Conf Las Vegas. 18-20 Jun. 1279. cosponsored by 
AIAA. SAE and ASME 

(NASA TM 79154. E-010) Avail; NTIS HC A02/MF A01 CSCL 
21E 

An experimanitl and analytical study of tha combustion of 
partially vaponzsd fualair mixtures was parformed to assass tha 
impact of the degree of fuel vaporization upon emissions for a 
premiring prevaporizing flametube combus.o- Data collected 
show near linear increases in nitrogen oxide emissions with 
decreasing vaporization at equivalence ratios of 0 6. For 
equivalence ratio of 0 72. tha degree of vaporization had vary 
little impact on nitrogen oxide amissions A simple mechanism 
which accounts for tha combustion of liquid droplets in partially 
vaporized mixtures was found to agree with the measured results 
with fair accuracy - .nh respect to both trends and magnitudes 

Author 

N79-2394S*f National Aeronautic;- and Space Administration 
lewis Research Center. Oeveland. Ohio. 

EFFECT f» F SHOCKS ON FILM COOLING OF A FULL SCALE 
TURBOJET EXHAUST NOZZLE HAVING AN EXTERNAL 
EXPANSION SURFACE 

David M Straight 1979 20 p refs Presented at the 15th 

Joint Propulsion Conf. Las Vegas. 18-20 Jun. 1979. cosponsored 
by AIAA. SAE. and ASME 

(NASA-TM-79 1 57. E-0131 Avail NTIS HC A02/MF A01 CSCL 
2 1 E 

Experimental film cooling data obtained during exploratory 
testing with an axisymmetnc plug nozzle having external expansion 
and installed on an afterburning turbojet engine in an altitude 
test facility is presented The shocks and local hot gas stream 
conditions had a marked effect on film cooling effectiveness An 
existing film cooling correlation was adequate al some operating 
conditions but inadequate al other conditions such as in separated 
flow regions resulting from shock boundary layer interactions 

RES 

N79 239«7*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

PERFORMANCE OF TWO STAGE FAN WITH LARGER 
DAMPERS ON FIRST-STAGE ROTOR 

Donald C Uras k. Walter S Cunnan. and William Stevans May 
1979 81 p refs 

INASA-TP 1399 E 8958! Avail NTIS HC A0S/MF A01 CSCL 
2 1 E 

The performance of a two stage, high pressure-ratio fan. 
having large, part span vibration dampers on the fust stage rotor 
is presented and compared with an identical aerodynamically 
designed fan having smaller dampers Comparisons of tha data 
for the two damper configurations show that with increased 
damper size (1) very high losses in the damper region reduced 
overall efficiency of first stage rotor by approximately 3 points 
12) the overall performance of each blade row. downstream of 
the damper was not significantly altered, although appreciable 
diffeiences m the radial distributions of various performsnee 
parameters weie noted and .31 the lower performance of the 
first stage rotor decreased the overall fan efficiency more than 
1 percentage point Author 

NC9 23968*/f National Aeionautics and Spaca Administration 
Lewis Research Center. Cleveland. Ohio 

EFFECTS OF STEADY STATE PRESSURE DISTORTION ON 
'HE STALL MARGIN OF A J86 21 TURBOJET ENGINE 

George A Bobula Mar 1979 28 p refs Prepared in cooperation 
with Army Aviation Research and Development Command. 
Cleveland St Louis Mo 

iNASA TM 79123. E 9958 AVRADCOM TR -79- 1 2) Avail 
NTIS HC AQ3/MF A01 CSCL 2 1 E 

The effects of the inlet pressure distortions induced by lr»» 
screen patterns, on tha performance of a J8S-21 turbojet engm* 
was conducted at the NASA Lewis Research Center Testing 
was in Support ol the HiMAT RPRV program at Dryden Flight 
Research Center Distortion patterns were chosen based on 
anticipated application of test results of the HiMAT installation 
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Tms were conducted at a simulated Mach number and altitude 
condition of 0 9 and 10 973 meters Results are presented m 
terms of distortion levels and standard compressor performance 
parameters Author 

N79-23969*| National Aaronautics anu Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECT OF STEADY-STATE PRESSURE DISTORTION ON 
FLOW CHARACTERISTICS ENTERING A TURBOFAK 
ENGINE 

Ronald H Soeder and George A Bobula Apr 1979 34 p 

refs Prepared in cooperation with Army Aviation Research and 
Development Command. St Louis. Mo 

(NASA TM-79134 £ 9982 AVR ADCOM-TR-79- 19) Avail 
NTIS HC A03/MF A01 CSCL21E 

Flow angle, static-pressure and total-pressure distributions 
were measured in the passage ahead of a turbofan engine 
operating with inlet pressure distortion Distortions were generated 
with five screen configurations and one solid plata configuration 
The screens and solid plate were circumferential and mounted 
on a rotatable assembly Reynolds Number lnde< upstream ol 
the distortion device was maintained at 0 5. 0 35 or 0 2. and 
engine corrected low rotor speeds were held at 6000 rpm and 
8600 rpm Near the engine inlet, flow angle was largest at the 
hub and increased as flow approached the engine The magni- 
tude of static-pressure distortion measured along the inlet-duct 
and extended bullet nose walls increased eiponen'ialty as the 
flow approached the angina Wall static-pressure distortion was 
also a function of distortion harmonic Author 


N79-24994*||l National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

PREMIXED PHEVAPORIZED COMBUSTOR TECHNOLOGY 
FORUM 

1979 262 p refs Conf held at Cleveland. Ohio. 9 10 Jan 
1979 

(NASA CP 2078 E 9933) Avail NTIS HC A12/MF A01 CSCL 
21E 

The Forum was held to present the results of lecent and 
current work intended to provide basic information roquired for 
demonstration of lean premised prevapoiued combustors tor 
aircraft gas turbine engine application Papers are presented which 
deal with the following major topics (1) engine interfaces 
12) fuel air preparation. 13) autnignition. (4) lean combustion, 
and (51 concept design studies Fo individual titles, see 
N79 24995 through N79 25014 


N79 24996*/(( Pratt and Whitney Aircraft Group East Hartford 
Conn 

TURBULENCE CHARACTERISTICS OF COMPRESSOR 
DISCHARGE FLOWS 

Howard P Grant In NASA Lewis Res Center Premixed 
Pievaponaed Combustor Technol Forum 1979 p 5 31 IFor 
primary document see N79-24994 16 071 
Avail NTIS HC A12/MF A01 CSCL 21E 

Turbulence measurements were conducted in a large gas 
turbine engine IJT90I at the entrance to the diffuser duct jcning 
tho compressor discharge to the combustor inlet Hot film probe 
and hot wire probe measurements were obtained at temperatures 
from 450K I350F) ( idle) to 608K (635FI Inch approach) At 
I D (25 percent span) and mid span locations the turbulence 
intensity increased slightly from 6 • or percent at idle condition 
to 7 or I percent at rich approach At O D (76 percent spanl 
the turbulent intensity incieased more rapidly from 7S t or 
0 5 percent at idle to 15 • or 0 5 percent at rich approach 
Tlie spectra showed tuibulent energy distributed uniformly uvei 
a 0 1 to 5 KM; bandwidth (down 3dbi at all operating conditions 
conesponding to 'undom turbulence with velocity wave lengths 
of 2 cm to 1 mete* tiavellmg at the mean velocity of 100 m/sec 
Tests results are given m tables and graphs A R H 


N 79 24996* H General Electric Co. Cincinnati. Ohio 
TURBULENCE MEASUREMENTS IN THE COMPRESSOR 
EXIT FLOW OF A GENERAL ELECTRIC CFS 60 ENGINE 

Jack R Tayloi In NASA Lewis Res Center Premixed 
Pievaponred Combustor Technol Forum 1979 p 33 45 (For 
primary document see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 2 IE 

Ruggedued cooled film probes were used to measure CF6-50 
compressor exit turbulence properties at thiee different engine 
idle condition test points The turbulence probe was coupled to 
a constant temperature anemometer and signal conditioning 
system An on line readout system connected to the anemometer 
was used to check the data as it was acquired At engine idle 
conditions, the turbulence intensity ranged from 4 8 percent to 

5 6 percent and the length scale ranged from 5 64 cm to 

6 95 cm The length scale values are somewhat larger than the 

passage height at the measurement plane 15 54 cm), which 
indicates that the shape of the turbulent eddies are elongated 
■n the axial direction The microscale values range from about 
0 73 cm to about 0 98 cm Power spectral density distributions 
show that a large proportion of the turbulent energy at the 
measutement plane is concentrated at frequencies Delow one 
kitchen* A R H 


N 79 24997 Solar Turbines International. San Diego. Calif 

FUEL SPRAY DATA WITH LDV 

David A Rohy and John G Meier In NASA Lewis Res 
Center Premixed Pievaporued Combustor Technol Forum 1979 
p 47-55 (For primary document see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

Droplet size and two component velocities in the severe 
environment of an operating gas turbine combustor system can 
be meas-. ed simultaneously using the solar laser morphokmetomer 
(SLM) which incorporates the following capabilities (1) measure- 
ment of a true two dimensional velocity vector with a range of 
♦ or - (0 01-200 m/sec) (2) measurement of particle sue (range 
5 to 300 micron m) simultaneously with the measurement of 
velocity 13) specification of probe volume position coordinates 
with a high degree of accuracy ( * oi 05 mm). (4) immediate 
on line data checks, and (5) rapid computer storage of acquired 
data The optical system of the SLM incorporates an ultrasonic 
beam splitter to allow the measurement of a two dimensional 
velocity vector simultaneously with particle sue A microprocessor 
with a limited storage capability permits immediate analysis of 
test data in the test cell ARH 


N79 24998*4 United Technologies Research Center. East 
Hanlord. Conn 

MODELING OF PREMIXING PREVAPORIZING FUEL-AIR 
MIXING PASSAGES 

0 L .-.ndarson, J 6 McVey. D E Edwards and L M Chiappelta 
In NASA Lewis Res Center Premixed Prevaporued Combustor 
Technol Forum 1979 p 57-65 IFor primary document see 
N79 24994 16 07) 

Avail NTIS HC A12/MF AOI CSCL 21 E 

The developmen' of a computer program for the analytical 
prediction of (he distribution of liquid and vapor fuel in the 
piemixing-prevaporuing passage by the direct injection method 
is described The technical approach adopted for this program is 
to separate the problem into three parts each with its own 
computei code These thiee parts are calculation of the 
two-dimensional or axisymmetnc air flow, calculation of the 
three dimensional luel droplet evaporation and calculation of 
the fuel vapor diffusion This method of approach is justified 
because p.emixmg passages opeiate at lean equivalence latios 
Hence a weak interaction assumption can be made wherein 
the airflow can affect the fuel droplet behavior but the fuel 
droplet behavior does not affect the airflow A R H 
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N79 24999*1 Michigan Umv . Ann Arbor 
EFFECT OF FUEL SPRAYS ON EMISSIONS 

J A Nicholh In NASA Lewis Res Center PremixeJ Prevaporized 
Combustor Technol Forum 1979 p 67 84 rels (For primary 
document see N79-24994 16 071 
(Grant NsG 3148) 

Avail NTIS HC A12/MF A01 CSCL 21E 

A research gas turbine combustor was operated under realistic 
conditions such that the mlluence ol individual variables (in 
particular, fuel spray characteristics) on emissions could be 
determined The speci. I combustor allows independent control 
over drop size, fuel-air ratio, air inlet temperature, pressure, 
reference velocity, and residence time Also, it lends itself to 
theoretical modeling and turbulent intensity measurements through 
use of laser velocimetry Emission results for a tange of 
operations are presented A number of graphs show which show 
the variations of emissions levels with one variable at a time 
are included In every case, the fuel is iet A. the pressure is 
atmospheric, and combustion is limited to a primary zone. A R H 


N79 26000** National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

PERFORMANCE OF A MULTIPLE VENTURI FUEL-AIR 
PREPARATION SYSTEM 

Robert R Tauna In its Premised Prevaporized Con bustor Technol 
Forum 1979 p 85-93 refs (For primary document see 
N79 24994 16-07) 

Avail NTlS HC A12/MF A01 CSCL 2 1 E 

Spatial fuel-air distributions, degree of vaporization and 
pressure drop were measured 16 5 cm downstream of the fuel 
injection plane of a multiple Venturi tube fuel injector Tests 
were performed in a 12 cm tubular duct Test conditions were 
a pressure of 0 3 MPa. inlet air temperature from 400 to BOOK, 
air velocities of 10 and 20 m/s. and fuel-air ratios of 0 010 
and 0 020 The fuel was Diesel #2 Spatial fuel-air distributions 
were within ♦ or • 20 percent of the mean at inlet air 
temperatures above 450K At an inlet air temperature of 400K. 
the fuel-air distribution was measured when a 50 percent blockage 
plate was placed 9 2 cm upstream of the fuel injection plane to 
distort the inlet air velocity fuel injection plane to distort the 
inlet air velocity profile Vaponzalion of the fuel was 50 percent 
complete at an inlet an temperature of 400K and the percentage 
increased linearly wrh temperature to complete vaporization at 
600K The pressure drop was 3 percent at the design point 
which was three times greater than the designed value and the 
single tube expeument value No autoignilion or flashback was 
observed at the conditions tested A R H 


N79-26001 *f United Technologies Research Center East 
Hartford. Conn 

AUTOIGNITION OF FUELS 

Louis J Spadaccmi In NASA Lewis Res Center Premised 
Prevaporued Combustor Technol Forum 1979 p 95-107 ref 
(For primary documont see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 2 IE 

An autoignition test section end a premising fuel injectoi 
developed to determine the autoignition characteristics of a variety 
of aircraft fuels are described Parametric tests to map the ignition 
delay characteristics of Jet A fuel were conducted at pressures 
of 10. 15. 20 25. and 30 atm inlet air temperatures up to 
900K and fuel-air equivalence ratios of 03 0 5 0 7. and 1 0 
Residence times in the range of 1 to 50 msec were obtained 
by interchanging spool pieces to create sis different miser/ 
vaporizer lengths (6 23 53 84 99 and '30 cm) and by 
testing at two different airflow rates 10 5 and 1 0 kg/secl The 
resulting free stream velocities were m the range 20 to 
100 m/sec As expected, the results indicate that the ignition 
delay times decease with increasing an temperature and pressure 
Also the data show that for lean mistu>es ignition delay times 
decrease with increasing equivalence ratios A R H 


N79 25002*# General Applied Science Labs. Inc. Westbury 
N Y 

EMISSIONS MEASUREMENTS FOR A LEAN PREMIXEC 
P R OP A NE/ AIR SYSTEM AT PRESSURES UP TO 30 
ATMOSPHERES 

Gerald Roffe In NASA Lewis Res Center Premised Prevaporized 
Combustor Technol Forum 1979 p 109-125 Forum 1979 
p 109-125 (For primary document see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

A series of espenments was conducted in which the emissions 
of a lean premised system of propane and air were measuied 
at pressures of 5. 10. 20 and 30 atm in a flametube apparatus 
Measurements ware made for inlet temperatures between 600 K 
and 1000K and combustor residence times from 1 0 to 
3 0 msec A schematic of the test rig is presented along with 
graphs showing emissions measurements for nitric oxide, carbon 
monoxide, and UHC as functions of bustor residence time for 
various equivalence ratios entrance temperatures and pressures, 
typical behavior of emissions as a function of equivalence ratio 
foi z fixed residence time Correlations of nitric oxide emission 
index with adiabatic flame temperature for a fixed residence 
time of 2 msec and pressures from 5 to 30 atm. and adiabatic 
flame temperature corresponding to CO breakpoint conditions 
ror 2 msec residence time as a function of inlet temperature 

A R H 


N79 26003*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

EFFECT OF DEGREE OF FUEL VAPORIZATION ON 
EMISSIONS FOR A PREMIXED PREVAPORIZED COMBUS 
TOR SYSTEM 

Larry P Cooper In its P.emixed Prevaporized Combustor Technol 
Forum 1979 p 127-130 (For primary document see N79-24994 
16 07) 

Avail NTIS HC A12/MF A01 CSCL21E 

The impact of the degree of fuel vaporization upon emission 
from a flametube combustor was studied using an inlet air pressure 
of 3 x 10 to the 5th power pascals, inlet air temperatures of 
600K and 700K. a reference velocity of 35 meters per second 
and equivalence ratios of 6 and 72 using Jet A fuel Incoming 
air was preheated to temperatures from 600K to 700K by a 
nonvitiating preheater Jet A fuel was injected into this airstream 
through two different fuel injectors manifolded together and 
mounted in series upstream of a watercoo'«d p'eforated plate 
flamehoider The fuel-air mixture burn >r in a watercooled 
combustor section Samples of the fuel air mixtuie upstream of 
the flamehoider ware obtained for analysis to determine the 
local degree of fuel vaporization and the fuel-air ratio Samples 
of the combustion products were analyzed to deteimine gaseous 
er. . 'ons The effects of vaporization on carbon monoxide and 
nitric v carbon monoxide and nitric oxido emissions are 
presented A H.H 


N79 26004* * National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECT OF FUEL/AIR NONUNIFORMITY ON NITRIC OXIDE 
EMISSIONS 

Velene J Lyons In its Premixed Preva^onzed Combustor Technol 
Forum 1979 p 131-134 (For primary documen> see N79-24994 
16-07) 

Avail NTIS HC A12/MF AOI CSCL 21E 

A flame tube combustor holding jet A fuel was used in 
experiments performed at a pressure of 3 Mpa and a reference 
velocity of 25 meters/second for three inlet air temperatures of 
600. 700. and 800 K The gas sample measurements were 
taken at locations 18 cm and 48 cm downstream of the perforated 
plate flamehoider Nonuniform fuel/ air profiles were produced 
using a fuel injector by separately fueling the inner five fuel 
tubes and the outer ring of twelve fuel tubes Six tuel/au profiles 
were produced for nominal overall equivalence ratios of 5 and 
6 An example of three of three of these profiles and their 
resultant mtne oxide NOx emissions are presented The uniform 
fuel/air profile cases produced uniform and relatively low profile 
levels When the profiles were either center peaked or edge- 
peaked. the overall mass-weighted nitric oxide levels increased 

A R H 
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N79 26006 *# General Applied Science Labs. Inc . Westbury. 
N Y 

EFFECTS OF FLAMEHOLOER GEOMETRY ON EMISSIONS 
AND PERFORMANCE OF LEAN PREMIXED COMBUS 
TORS 

K S Venkataramam In NASA Lewi* Res Center Premised 
Prevaponzed Combustor Technol Forum 1979 p 135-155 
(For primary documont see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

Emission levels and performance of twelve flameliolder 
designs were mvestigateo in a lean, premised propane-air system 
at inlet conditions of 800K and 10 atm The flameholder tested 
represents six design concepts with two values of blockage for 
each concept The design concept consists of the following 
geometries perforated plate wire grid, single cone, multiple cone, 
vee gutter and swirl cone Measurements were made at reference 
velocities of 35 m/s. 25 m/s and 20 m/s at combustor 
stations 10 cm and 30 cm downstream of the flameholder. G Y 


N79-250O6*||f National Aeron - tics and Space Administration 
Lewis Research Center. Clevel. . Ohio 

EFFECTS OF FLAMEHOLOER BLOCKAGE ON EMISSIONS 
AND PERFORMANCE OF LEAN PREMIXED- 
PRE VAPORIZED COMBUSTORS 

Robert A Duerr In its Premixed Prevaporized Combustor Technol 
Forum 1979 p 157-162(For primary document see N79-24994 
16-07) 

Avail NTIS HCA12/MFA01 CSCL 2 IE 

The results from a parametric study are presented Tests 
were on conducted at inlet air pressure of 300.000 and 
500 000 pascals, inlet air temperatures of 600K 700K and 800K. 
reference velocites from 20 to 35 meters per second, and 
equivalent ratios from the lean stability limit to 0 7 using Jet A 
fuel The tests were conducted in a closed duct test facility 
Results from the test support the theory that flameholder blockage 
is one of the major determinants of the size and shape of the 
recirculation zone The test data show that higher blockage with 
its larger recirculation zone provides mr e residence time which 
leads to more NOx forms" on G Y. 


N79-25007*# United Technologies Research Center. East 
Hartford. Conn 

LEAN STABILITY AUGMENTATION STUDY 

John B McVey and Jan B Kennedy In NASA Lowis Res 
Center Premixed Prevaponzed Combustor Technol Forum 1979 
p 163-177 (For primary document see N 79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

An analytical and experimental program was conducted to 
investigate techniques and develop technology for improving the 
lean combustion limits of premixing prevaporizing combustors 
applicable to gas turbine engine main burners Three concents 
for improving lean stability limits were selected tor experimental 
evaluation among twelve approaches considered Concepts were 
selected on the basis of th itemisl tor improving stability 

limits and achieving emis goals, the technological risks 

associated with development u. practical burners employing the 
concepts, and the penalties to airline direct operating costs 
resulting from decreased combustor performance increased engine 
cost increased maintenance cost and increased engine weight 
associated with implementation of the concepts Tests of 
flamehoiders embodying the selected concepts were conducted 

G Y 


N79 26O0B*| Massachusetts Inst of Tech Cambridge 
MOOELLING TURBULENT FLAME IGNITION ANO BLOW 
OUT 

Knshnan Radhakrishnan and John B Haywood In NASA Lewis 
Res Center Premixed Prevaponzed Combustor Technol Fc’um 
1979 p 179-186 refs (For primary document see N79-24994 
16-07) 

(Grant NGR-22 009-378) 

Avail NTIS HC A12/MF A01 CSCL 2 1 E 

A statistical mixing model incorporating an overall rate 
equation to descnpe the fuel oxidation process was developed 
for studies ol ignition and blowout in a combustor primary zone 


This zona is treated as a partially stirred reector whose composition 
is described by a statistical ensemble of equal mass fluid 
elements This ensemble experiences mixing interactions, which 
represent the turbulen’ mixing process, at time intervals governed 
by an empirically determined mixing frequency Each muting 
interaction is computed by ramdomly selecting two different 
elements which are then allowed to mix completely so that 
they reach a mean compos lion depending on their thermodynamic 
states prior to mixing The two elements then separate, and the 
chemical kinetics proceed depending on their new composition 
and temperature G Y. 


N79-26011*# General Elec*':; Co Gncinnati. Ohio 

ADVANCED LOW EMISSIONS CATALYTIC COMBUSTOft 
PROGRAM /. GENERAL ELECTRIC 

W J Dodds NASA Lewis Res Center Premixed Prevaponzed 
Combustor Technol Forum 1979 p 215-227 re*s (For primary 
document see N79-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

The Advanced Low Emissions Catalytic Combustors Program 
(ALECC) is being undertaken to evaluate the feasibility of 
employing catalytic combustion technology in aircraft gas turbine 
engines as a means to control emission of oxides of n trogen 
during subsonic stratospheric cruise operation The ALECC 
Progiam is being conducted m three phases The first phase, 
which was completed m November 1978. consisted of a design 
study to identify catalytic combustor designs having the greatest 
potential to meet the emissions and performance goals speci- 
*ied The primary emissions goal of this program was to obtain 
cruise NO emissions of less than Ig/kg (compared with levels 
of 15 to 20 g/x obtained with current designs)/ However, good 
overall performance and feasibility for engine development were 
heavily weighted in the evaluation of combustor designs G Y 


N79-26012*# Pratt and Whitney Airmail Group. East He 'ford. 
Conn 

ADVANCED LOW EMISSIONS CATALYTIC COMBI TOR 
PROGRAM AT PRATT ANO WHITNEY 

G J Sturgess In NASA Lewis Res Center Premixed 
Prevaponzed Combustor Technol Forum 1979 p 229-245 
(For primary document see N7S-24994 16-07) 

Avail NTIS HC A12/MF A01 CSCL 21E 

The feasibility of employing catalyt.c combustion technology 
to control the emissions of oxides of nitrogen for subsonic, 
stratospheric cruise aircrah operations is the objective of this 
NASA contract The existing Emvornmental Protection Agency 
standards for the landing and takeoff cycle were also required 
to be satisfied Work for the first phase of a proposed three 
phase effort is reported and is concerned with analytical design 
studies GY 


N79-26013*j|f Pratt and Whitney Aircrah Group. East Hartford. 
Conn 

LEAN. PREMIXED. PREVAPORIZEO COMBUSTOR CON- 
CEPTUAL DESIGN STUDY 

Anthony J Florentine In NASA Lewis Res Center Tremixed 
Prevaponzed Combustor Technol Forum 1979 p 247-254 
(For primary document see N79 24994 16 07) 

Avail NTIS HC A12/MF A01 CSCL 2 1 E 

The seven month study program has the objective to identify 
and evaluate promis ig lean premixed prevaporized combustor 
concepts utilizing variable geometry and/or other flow control 
techniques The general approach taken to accomplish this 
objective is outlined and consists of combustor design, design 
analysis and design ranking The schedule being taken to achieve 
this program is shown Although the ultimate goal of this program 
is the significant reduction of cruise oxides of nitrogen, both the 
EPA emission standards and combustor performance levels 
outlined are retained as goals as well G Y 
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N76 26014*f General Electric Co Cincinnati. Ohio 

LEAN. PREMIXED PREVAPORIZED COMBUSTOR CON- 
CEPTUAL DESIGN STUDV 

E E Ekstedt In NASA Lewis Rej Center Premised P'evaponzed 
Combustor Technol Forum 1979 p 255-263 (For primary 
document see N79 24994 16-07) 

Avail NTIS C A12/MF A01 CSCL21E 

Phase 1 of the Lean Premixed-Prevaporized Comubstor Design 
Study is a nine month analytical study effort with no experimental 
or testing activities included The program has the objective to 
design and analyze advanced combustor concepts with features 
for fuel premixing and prevaporization upstream of the combustion 
rone for use in future subsonic aircrafts with features for fuel 
premixing and pwaporization upstream of the combustion ions 
for use in future subsonic aircraft engines All of the designs 
also embody some form of veriable geometry for combustor 
flow modulation The primery criterion for these designs is low 
oxides of utrogen emissions at stratospheric cruise conditions 
Four com ustor concepts are being designed for the NASA/GE 
Energy 'i'' cient Engine IEEE) envelope and cycle Current status 
of the- t - ogram is that the four concepts sized for the EEE were 
desit i d and are currently undergoing analysis and evaluation 

GY 


N79 25016*# National Aeronautics and Space Administration 
Lewi: Research Center. Cleveland. Ohio 

MULTIVARIABLE CONTROL ALTITUDE DEMONSTRATION 
ON THE F100 TURBOFAN ENGINE 

B Lehtmen. R L DeHoff (Systems Control. Inc Palo Alto. Calif), 
and R D Hackney (Pratt and Whitney Aircraft Group West 
Palm Beach. Fla) 1979 31 p refs Presented at the 15th 

Joint Propulsion Conf Las Vegas. Nev . 18-20 Jun 1979. 
sponsored by AIAA. Soc of Automotive Engr and ASME 
INASA-TM-79183. E-0501 Avail NTIS HC A03/MF A01 CSCL 
2 1 E 

The F 1 00 Multivariable control synthesis IMVCS) program, 
was aimed at demonstrating the benefits of LGR synthesis theory 
m the design of a multivariable engine control system for operation 
throughout the flight envelope The advantages of such procedures 
include (1) enhanced performance from cross-coupled controls. 
(2) maximum use of engine variable geometry and 13) a systematic 
design procedure that can be applied efficiently to new engine 
systems The control system designed, under the MVCS program, 
for the Pratt & Whitney F100 turbofan engine is described 
Bssic components of the control include (1)a reference value 
generator for deriving a desired equilibrium state and an 
approximate control vector. (2) a transition model to produce 
compatible reference point traiectones during gross transients. 
(31 gam schedules for producing feedback terms appropriate to 
the flight condition, and (4) integral switching logic to produce 
acceptable steady-state performance without engine operating 
limit exceedance JAM 


N79 26016*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland, Ohio 
FUNDAMENTALS OF GAS TURBINE COMBUSTION 

Melvin Gerstem lUniv of Southern Calif Ins Angeles) 1979 
52 p Workshop held at Cleveland 6 7 Feb 1979 
INASA CP 7087 E 026) Avail NTIS HC A04/MF A01 
CSCL 2 1 E 

Combustion problems and research lecommendations are 
discussed m the areas of atom-zalion and vaporization combustion 
chemistry combustion dynamics and combustion modelling The 
recommendations considered of highest priority m these aieas 
ere presented S E S 


N79 26022*| Nano-il Aeronautics and Space Administration 
Lewis Research Center leveland Ohio 

OPERATING CONOITIC * AND GEOMETRY EFFECTS ON 
LOW FREQUENCY AFTERBURNER COMBUSTION INSTA 
BILITY IN A T'JRBOFAN AT ALTITUDE 

Richard R Cullom and Roy L Johnsen Jun 1979 31 p refs 

(NASA TP 1475 E 98861 Avail NTIS HC A03/MF A01 CSCl 
21E 


Throe afterburner configurations were tested in a low bypass 
ratio turbolan engine to determine the effect of venous fuel 
distributions, inlet conditions, flameholder geometry, and fuel 
miectiun location on combustion instability Tests were conducted 
at simulated flight conditions of Mach 0 75 and 1 3 at altitudes 
frnm 11.580 to 14.020 m 138.000 to 46 000 ft) In these tests 
combustion instability with frequency from 28 to 90 Hz and 
peak to-peak pressure amplitude up to 46 5 percent of the 
afterburner inlet total pressure level was encountered Combos 
lion instability was suppressed in these tests by varying the 
fuel distribution in the afterburner Author 


N79-26023*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INDUSTRY TESTS OF NASA CERAMIC THERMAL BARRIER 
COATING 

Curt H Liebert and Francis S S'epka Jun 1979 26 p refs 

Presented at 6th Intern Vacuum Metallurgy Coni San Diego. 
Calif 23 27 Apr 1979 Sponsored by Am Vacuum Soc 
(NASA-TP 1425 £ 9846) Avail NTIS HC A03/MF A01 CSCL 
21E 

Ceramic thermal barriei coating (TBC) system was tested 
by industrial and governmental organizations for a variety of 
aeronau* 1 ... marine and ground-based gas turbine engine 
applicant' i is TBC is a two layer system with a bond coating 
of nickel-cif.inium-aluminum-yttrium INi- 16O-6AI-0 6Y. in wt 
percent) and a ceramic coating of ytlna-slabilized zirconia 
(Zr02- 12Y203. m wt percent) Seven tests evaluated the system s 
thermal protection and durability Five other tests determined 
thermal conductivity, vibratory fatigue characteristics, and 
corrosion resistance of the system The information presented 
includes test results and photographs of the coated parts 
Recommendations ate made for improving the coating proce 
dures J M S 


N79-27140*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

TURBINE ENGINE ALTITUDE CHAMBER AND FLIGHT 
TESTING WITH UOUID HYDROGEN 

E William Conrad 1979 22 p refs Presented at the Intern 

DGLR/DFVLR Symp on Hydrogen in A*i Transportation. Stuttgart. 
11-14 Sep 1979 

INASA TM-79196. E-062) Avail NTIS HC A02/MF A01 
CSCL 21 E 

Flight engine experiments using liquid hydrogen fuel were 
reviewed A few implications of the results to modern turbine 
engines are presented A subsequent contract dealing with a 
positive dixnlecement pump operating on liquid hydrogen is 
discussed, and some aspects of liquid hydrogen propellant systems, 
reflected by rocket booster experience are treated S E S. 


N79 27141*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
ENERGY EFFICIENT AIRCRAFT ENGINES 
Roger Chamberlin and Brent Millar 1979 21 p refs Presented 
at Aircraft System*- Meeting. New York. 20-22 Aug 197 9 
sponsored by AIAA 

INASA TM 79204 E-0891 Avail NTIS HC A02/MF A01 CSCL 
2 1 E 

The three engine programs that constitute the propulsion 
portion of NASA: Aircraft Energy Efficiency Program are 
descnbed their status indicated and anticipated improvements 
m SFC discussed The three engine programs are (1) Engine 
Component Improvement- directed at current engines (2) Energy 
Efficiency Engine directed at new turbofan engines and 
131 Advanced Turboprops directed at technology for edvanced 
turboprop powered aircraft with cruise speeds to M i *1 8 
Unique propulsion system interactive ties to the airfremi u mg 
from engine design features to reduce fuel .onsump are 
discussed Emphasis is placed on the advanced turboprop since 
it offers ;he largest poelntial fuel savings of the three propulsion 
programs and also has the strongest interactive ties to the 
a.Hrame Author 
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N79 27t42*| National Aeronautic* and Spaca Administration 
Lawn Research Center. Cleveland Ohio 

FLOW VISUALIZATION OF DISCRETE HOLE FILM COOL 
IMG WITH SPANWISE INJECTION OVER A CYLINDER 

Louis M Rusrell Jul I97& 15 p rats 

(NASA TP- 1*91. E 99461 Avail NTIS HC A02/MF A01 CSCL 
21E 

Insight into the fluid mechanics encountered when film air 
from a rmgle row of holes is iniected over e cylinder in a 
mainstream at conditions Simula' t a film cooled, turbulent vane 
leading edge was mvestigatsd Smoke was added to the 
cooling air to visualise its flow path Film was iniected m the 
spanwise direction at angles of 30 dag and 45 deg to the 
surface, at angular locations of 15 deg. 30 deg 45 deg. and 
60 deg from the stagnation line and at various blowing ratios 
The observations were related to the measured heat transfer 
data of others The results indicate that in addition to the expected 
growth in film thickness and the grealei penetration of the 
boundary layer with increasing blowing ration, there was an 
absence of spanwise spreading and only a small spanwise 
deflacnon of the injected film S E S 


N79 27143*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

P ERFORMANCE OF TWO STAGE FAN HAVING LOW 
ASPECT RATIO FIRST STAGE ROTOR BLADING 
Donald C. Urasek William T Gorrell (Army Aviation Res and 
Develop Command Cleveland), and Walter S Cunnan Aug 
1979 132 p Prepared in cooperation with US Army Aviation 

Research arid Development Command. Cleveland 
(NASA TP- 1493 AVRADCOM TR-78 49. E-92371 Avail NTIS 
HC A07/MF A0 1 CSCL 21E 

The NASA two stage fan was tested with a low aspect 
ratio first stage rotor having no midspan dampers At design 
speed the fan achieved an adiabatic design efficiency of 0 846 
and peak efficiencies for the fust stage and rotor ol 0 870 and 
0 906. respectively Peak efficiency occurred very close to the 
stall line In an attempt to improve stall margin the fan was 
retested with circumfeientially grooved casing treatment and with 
a senes of statoi blade resets Results showed no improvement 
in stall margin with cc.sing tieatmam but mcieased to 8 percent 
with stator blade reset Author 


N79 27179*| National Aciunaulics and Space Administrate 

Lewis Research Center Cleveland Ohio 

REVIEW OF THE AGARO S ANO M PANEL EVALUATION 
PROGRAM OF THE NASA LEWIS SRP APPROACH TO 
HIGH TEMPERATURE LCF LIFE PREDICTION 
Marvin H Hnschbeig In AGARO Sliesses Vibrations Siiucl 
Integral. on and Fng Integnty (Including Aeioeiasticity and flutte'l 
Apr 1979 9 p refs (For primary document see N79 27148 

18 071 

Avail NTIS HC A21/MF A01 CSCL 21E 

The strain range partitioning SRP melhod method presented 
is e significant step lorwerd in high temperature low cycle latigue 
life prediction Several concerns and recommendations regarding 
SRP weir described These dead primarily with the problems 
associated with tho application ot SRP to cases involving small 
inelastic stiams 'and tnerefo'e long I veti The difficulties 
associated with partitioning these nmow hysteresis loops and 
the piesent mabi 1 *y of SRP lo handle mean stress effects were 
also noted M M M 


N7B 2718*.*# National Aeronautics and Space Admimitration 
Lewis Research Canter Cleveland Ohio 

•UPERSONIC UNITALlED FLUTTER 

J J Adamcryk M E Goldstein and M J Hartmann In AGARO 
Stresses. Vibrations Struct Integration end Eng Integrity 
llncluding Aeioeiasticity end Flulteil Apr *979 14 p lets 

IFor primary document see N79 27148 '8 071 
Avail NTIS HC A21/MF AOt CSCL21E 

A peremefic study to show the effects of cascade geometry 
I'Ve- Mach number and backpressure on the onset of single 


end multi degree of freedom unstalled supersonic flutter is 
presented Several ol (he results ere correlated against experimen- 
ts! qualitative ohfervetion to validate the models M MM 


N79 28178'# National Aeronautic* and Space Administration 
Lewis R- aarch Cent*! Cleveland Ohio 

A THROAT BYPASS STABILITY BLEED SYSTEM USING 
RELIEF VALVES TO INCREASE THE TRANSIENT STABILITY 
OF A MIXED COMPRESSION INLET 

Geo.ge H Neman Miles O Oustin. and Gary L Col* Jul 1979 
47 p refs 

(NASA TP-1083. E 89501 Avail NTIS HC A03/MF A01 CSCL 
21E 

A stablity bleed system was installed in a YF 12 flight inlet 
that was subjected to interne: and external aidlow disturbances 
in the NASA Lewis 10 by 10 foot supersonic wind tunnel The 
purpose of the system is to allow higher mlat performance while 
maintaining a substantial tolerance (without unstart! to internal 
and external disturbances At Mech numbers oi 2 47 and 2 76 
thu inlet tolerance to decreases in diffuter-exit corrected airflow 
was incretsad by approximately 10 peicent ol the operating point 
airflow T K . stability bleed system complemented the terminal- 
shock-control system of the inlef and did noi show interaction 
problems For disturbances which caused a comb.ned decrease 
in Mech numbei and increase in angle of attack, the sys’em 
with valves operative kept the inlet started 4 to 28 times longer 
than with the valves inoperative Hence, the stability system 
provdes additional time for Ihe inlet control system to react 
and prevent unstart This was observed for initial Mach 
numbers ol 2 55 and 2 68 For slow increase in angle of attack 
at Mach 2 47 and 2 76. the system uept the inlet started beyond 
the steady-state unstad angle However the maximum transient 
angles of attack without unstail could not bo determined 
because wind-tunnel mechanical -slop limits lor angle of attack 
ware reached A R H 


N79 281 77*# National Aeronautics end Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF ROTOR MERIDIONAL VELOCITY RATIO ON 
RESPONSE TO INLET RADIAL ANO CIRCUMFERENTIAL 
DISTORTION 

Nelson L Sangei Jul 1579 73 p iefs 

INASA-TP-1278 E 8987) Avail NTIS HC A04/MF A01 CSCL 
2 1 E 

Th<ee single transonic I in stages, each having a different 
meridional velocity al'j across its rote were tested with two 
magnitudes of lip ladial distortion and with a 90 deg circumferen 
tial distortion imposed on the inlet Mow The rotor with the 
lowest meridional velocity ratio Hess than 0 9 at the tipi 
demonsliated the least degradation of peHoimance due to these 
distortions Loss end deviation angle data las needed for 
performance prediction with ladial distortion! calculated elonu 
actual streamlines toi radially distorted Mow and co.ielated against 
diffusion factor showed consistent agreement with data calculated 
along design streamlines for undistorted flow Author 


N79 30187*# National Aeionautics and Space Admmisnation 
lewis Research Center Cleveland Ohio 

EFFECT OF STEADY STATE TEMPERATURE DISTORTION 
AND COMBINED DISTORTION ON INLET FLOW TO A 
TURBOFAN ENGINE 

Ronald H Soeder and Geoige A Bobuia Aug 1979 43 p 

el* 

NASA TM 79237 E 143) Avail NTIS HC A03/MF A01 CSCL 
2 1 E 

Flow angle sialic piessu'e. total tempeiature and total 
piessme were measuied in the inlet duel upstieem of a lurbolan 
engine updating with tempe-aiu'e distortion oi combined 
pressure tempeiature distortion Sucn measurements are useful 
<n tne evaluation Ol analytical mcdels of inlet distortion A rotating 
gaseouk-hydiogen burner and a circumferential 180 degtees 
extent sere- configuration mounted on a rotatable assembly 
geneiated -he distortions Reynold* number >nde* was main- 
lamed at 0 5 and engine conected low-r speeds we>» held 



at 6000 and 8COO rpm The measurements showed Ihal at the 
entrance to ine engine, flow , ngle wcs lc *st in the hub region 
As flow approached the er j.r- - yaw angle (circumferential 
variation! me'eased ano pitch angle (radial vanation) decreased 
The magnitude of static pressure distortion measured along the 
mlet duct and extended bullet nose wails increased exponentially 
as flow approached the engine Author 


N79 30188’a National Aeronautics and Space Administration 
Lewis Research Centei. Cleveland Ohio 

A SUMMARY OF NASA/AIR FORCE FULL SCALE ENGINE 
RESEARCH PROGRAMS USING THE F100 ENGINE 

V. J Deskin (Pratt and Whitney Aircraf; Group. West Palm 
Beach Fla) and H G Hurrell 1979 24 p refs Presented at 
15th Joint Propulsion Cent Las Vegas. Nev . 18-20 Jun 1979. 
Sponsored by AIAA Am Soc of Mech Er.gr 
(NASA-TM -79267. E-1831 Avail NTIS HC A02/MF A01 CSCL 
21E 

A full scale engine research IFSERI program conducted with 
the F’OO engine is presented The program mechanism is 
described and the FI 00 test vehicles utilised are illustrated 
Technology items were addressed in the areas of swirl augmenta- 
tion. flutter phenomenon, advanced electronic control logic 
theory, strain gage technology and distortion sensitivity The 
associated test piogranis are described The FSER approach jtili'es 
existing state of the art engine hardware to evaluate advanced 
technology concepts and problem areas Aerodynamic phenom- 
enon previously not considered by design systems were identified 
and mcoTOrated into industry design tools A.W.H 


N79 30191*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PERFORMANCE OF TWO STAGE FAN WITH A FIRST 
STAGE ROTOR REDESIGNFD TO ACCOUNT FOR THE 
PRESENCE OF A PART SPAN DaMPER 

William T Gorrell and Donald C YraseX Sep 1979 72 p 

refs 

NASA TP- 1 483 E 9786. AVRADCOM-TR-79- 10) Avail NTIS 
HC A04/MF AO 1 CSCL 2 1 E 

The NASA two-stage fan was tested with a redesigned 
first-stagi- 'mr ne redesign included a new design approach 
to account for me presence of a part span damper At design 
speed the fan achieved a peak eff.c-ency of 0 803 which is 
1 9 oerce tage points higher than the original design The peak 
efficiencies of the fust stage and first rotor were 0 789 and 
0 82i respective'y An improvement in efficiency of up to 
6 pe'centage points m the damper region was achieved over 
the original large dampe' version The stall ma'gm. based on 
flow cc'ditions at peak efficiency was 10 percent at design 
speed Author 


N79 31210*» National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AN OVERVIEW OF NASA RESEARCH ON POSITIVE 
DISPLACEMENT TYPE GENERAL AVIATION ENGINES 

E E Kempke and E A Wii'is 1979 40 P 'efs Presented at 
the Aircraft Systems and "uchnol Meeting N V . 20-22 Aug 
1979 sponsoied by AIA 

(NASA-TM 79254 E 165 A I A A -79- 1 82 4! Avail NTIS 
HC A03/MF A0 1 CSCL 21E 

The general aviation positive displacement engine program 
encompassing conventional lightweight diesel, and rotary 
combustion engines is described Lean operation of current 
production type spark ignition engines and advanced alternative 
engine concepts are emphasned J M S 


N79 31213’* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AERODYNAMIC PERFORMANCE OF 138 PRESSURE- 
RATIO VARIABLE PITCH FAN STAGE 

Royce 0 Mooie and Walter M Osborn Sep 1979 71 p 
(NASA TP 1502 E-97001 Avail NTI3 HC A04/MF A01 CSCL 
2 1 E 


The performance of a variable pilch fan stage tested over a 
range of blade selling angles, speeds and flows is presented 
The fan was designed tor a tip spead of 289 6 m/sec and a 
How of 29 6 kg/ sec The measured performance agreed reasonably 
well with the design point The stall margin was only 5 percent 
Static thrust values along an ope 'mg line ranged from less 
than 15 lo over 115 percent of that at design angle as the 
blade setting angle was varied from 25 degrees Idosed) to 
8 degrees lopened' use of casing treatment increased the 
stall margin to 201' percent but decreased efficiency by 
4 pare* ..? je points A W H 


N79 31214*1 National Aeronautics and Space Administration 
Lewis Rescirch Center Cleveland Ohio 

AERODYNAMIC PERFORMANCE OF AXIAL FLOW FAN 
STAGE OPERATEO AT NINE INLET GUIDE VANE AN- 
GLES 

Royca 0 Moore and Lonnie Reid Sep 1979 43 p refs 
(NASA-TP-1510: E-9714) Avail NTIS HC A03/MF A01 CSCL 
2 1 E 

The overall performance of a far. stage with nine inlot guide 
vane angle settings is presented These data were obtained o«e> 
the stable flow range at speeds from 60 to 120 percent of 
design for vane setting ar.glss from -25 to 42 5 degrees At 
design speed and design mlet guide vane angle, the stage has 
a peak efficiency of 0 892 at a pressure ratio of 1 322 and a 
flo> of 25 31 kg/s The stall margin based on peak efficiency 
arid stall was 20 percent Based on an operating line passing 
through the peak efficiency point at the design setting angle, 
the useful operating range of the stage at design speed is limited 
by stall at the positive setting angles and by choke at tho 
negative angles At design the calculated static thrust along the 
operating line varied Irom 68 to 114 percent of that obtained 
at design' se.tmg angle Author 


A79-10792 * » Wide range operation of advanced low NOx 
aircraft (as turbine combustors. P B. Roberts. R. J. Fiorito (Solar 
Turbmes international, San Diego. Calif I. and H F. Butze (NASA. 
Lewis Research Center. Air Breathing Engines Div . Cleveland, Ohio) 
American Society of Mechanical Engineers, Gas Turbine Conference 
and Products Shoe*. London. England. Apr. 9-13. 1978. Paper 
78GT128 13 p 6 refs Members. SI. 50. nonmembers, S3 00 
NASA supported research 

The paper summarizes the results of an experimental test rig 
program designed to define and demonsbates techniques which 
would allow the jet induced circulation and vortex air blast com- 
bustors to operate stably with acceptable emissions at simulated 
engine idle without comprom.se to the low NOx emissions under the 
high altitude supersonic cruise condition The discussion focuses on 
the test results of the key combustor modifications for both the 
simulated engine idle and cruise conditions. Several range 
augmentation techniques are demonstrated that allow the lean- 
reaction premixed aircraft gas turbine combustor to operate with low 
NOx emissons at engine crude and acceptable CO and UHC levels at 
engine idle These techniques involve several combinations, including 
variable geometry and fuel switching designs. S D 


A79-11600 * * Impact of future fuel properties on aircraft 
engines and fuel systems R A Rudey and J S Grobman (NASA, 
Lew.s Research Center, Cleveland. Ohiol NATO. AGARD. Lecture 
Series on Energy Conservation in Aircraft Propulsion. 96th. Munich, 
West Germany, Oct 26. 27. 1978. Paper. 32 p 20 refs 

From current proiections of the availability of high-quality 
petroleum crude Oils, it is becoming increasingly apparent that the 
-. r '*cifications for hydrocarbon jet fuels may have to be modified 
The problems that are most likely to be encountered as a result of 
these modifications relate to engine performance, component dura 
bility and maintenance, and aircraft fuel-system pe formance. The 
effect on engine performance will be associated with changes in 
specific fuel consumption, ignition at relight limits, at eiihanst 
emissions. Durability and maintenance will be affected by increases 
in combustor Imer temperatures, carbon deposition, gum formation 
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in fuel nozzles, and erosion and corrosion of turbine blades and 
vanes. Aircraft fuel-system performance will be affected by increased 
deposits in fuel-system heat exchangers and changes in the pumpabil- 
ity and flowability of the fuel The seventy of the potential problems 
is described m terms of the fuel characteristics most likely to change 
in the future. Recent data that evaluate the ability of current- 
technology aircraft to accept fuel specification changes are pre- 
sented. and selected technological advances that can reduce the 
seventy of the problems are described and discussed. (Author) 


A79 14796 * 1 Correlation of combustor acoustic power 

levels inferred from internal fluctuating pressure measurements. U. 
H vor. Glahn (NASA. Lewis Research Center, Cleveland, Ohio). 
Acoustics Society of America. Meeting. 96th. Honolulu, Hawaii. 
Nov. 26-Dec. 1. 1978, Paper. 24 p 12 refs. 

Combustion chamber acoustic power levels inferred from 
internal fluctuating j.-essure measurements are correlated w>.h 
operating conditions and chamber geometries over a wide range. The 
variables include considoiations of chamber design (can. annular, and 
reverse flow annularl and me. number of fuel notales, burner staging 
and fuel split, airtlow and heat release rates, and chamber inlet 
pressure and temperature levels. The coirelated data include those 
obtained with combustion compont it development rigs as well as 
engines (Author) 


A79- 17029 * Predicted inlet gas temperatures for tungsten 

fiber reinforced superalloy turbine blades. E A Wmsa, L. J Westfall, 
and D W. Pefasek (NASA. Lewis Research Center, Cleveland. Ohio). 
In ICCM/2. Proceedings of the Second International Confeience on 
Composite Materials. Toronto. Canada. April 16-20. 1978 (A79- 
16981 05 24) Warrendale. Pa . Meta lurgical Society of AIME. 1978, 
p. 840-857 23 refs. 

A procedure is presented for t redicting the magnitude of the 
turbine inlet gas temperatures pc cntialiy achievable using first 
generation tungsten fiber remforcid super alloys (TFRS) turbine 
blades Both uncoated blades anc blades with thermal barrier 
coatings aic considered The thermal conductivities of two represen- 
tative TFRS were measured over a range of teni|x?ratures. The results 
show that cooled TFRS blades may allow significantly higher gas 
temperatures than are possible with superalloy blades. For one 
design, the difference n about 150-200 K M L 


A79 19698 * » Calculation of the three dimensional flow field 

in supersonic inlets at angle of attack using a bi .haiacteristic method 
with discrete shock wave fitting J Vadyak. J D Hoffman (Purdue 
University, West Lafayette. Ind ). and A. R Bishop (NASA. Lewis 
Research Center, Wind Tunnel and Flight Oiv., Cleveland. Ohiol. 
American Institute of Aeronautics and Astronautics. Aerospace 
Sciences Meeting. 17th. /Vew Orleans. La.. Jan 15 17. 1979. Paper 
79 0379 11 p. 11 refs. Grants No. NGR-1 5-005- 162. No. 

NGR 15-005-191. 

An analysis is presented tor calculating the flow field in super- 
sonic mmed -compression aircraft inlets operating at angle of attack 
The flow field .s computed by a steady three-dimensional bicharac 
ttnstic method The bow shock wave and the reflected internal 
shock wave system are computed by a three dimensional discrete 
shock wave fitting procedure Viscous and thermal diffusion may be 
included as source terms in the ^characteristic method. A produc- 
tion type computer program capable of determining the flow field in 
a variety of ax'Symmetric mixed compression supersonic inlets is 
available The results of the present analysis agree well with those 
produced by the two-dimensional method of characteristics when 
axisymmetrn. flow fields are computed For three-dimensional flow 
fields, the results of the present analysis agree wel> with experimental 
data except in regions of high viscous interaction arm uu.-ndary layer 
removal The present analysis does not compute the bout* ary layer, 
nor does it account for boundary layer bleed. (Author) 


A79-20078 * 0 Fuel conservative aircraft engine technology. 
D. L Nored (NASA. Lewis Research Center, Cleveland. Ohio). In: 
International Council of the Aeronautical Sciences. Congress. 11th, 
Lisbon. Portugal. September 10-16. 1978. Proceedings. Volume 1. 
(A79-20076 06-01) Cologne. International Council of the Aeronauti- 
cal Sciences Secretariat (OGLR). 1978, p. 1 1 26. 22 rets. 

NASA's Aircraft Energy Efficiency Program, initiated in an 
effort to minimize the adverse impact of the worldwide fuel crisis, 
will develop technology for more fuel efficient subsonic transport 
aircraft. The program includes three major propulsion projects: (1) 
Engine Component Improvement, directed at current engines. (2) 
Energy Efficient Engine, directed at new turbofan engines, and (3) 
Advanced Turboprops, directed at technology for advanced 
turboprop-powered aircraft The present paper reviews the current 
status of each of these projects and describes some of the technolo- 
gies and recent accomplishments. B J. 


A79-20880 • 0 Impact behavior of filament-wound graphite/ 

epoxy fan blades. K. J. Bowles (NASA. Lewis Research Center. 
Cleveland. Ohio). Society for the Advancement cf Material and 
Process Engineering. National Symposium and Exhibition, 23rd, 
Anaheim, Calif.. May 2-4. 1978. Paper. 18 p. 

The fabrication and impact tests of graphite/' poxy filament 
wound fan blades are discussed Blades which were spin tested at tip 
speeds up to 305 m/sec retained their structural integrity. Two 
blades were each impacted with a 454-g slice of a 908-g s mulated 
bird at a tir speed of 263 deg and .mpact angles of 22 deg and 32 
deg The impact tests were recorded with high speed movie film. The 
blade which was impacted at 22 deg sustained some root delamma 
tion but remained intact The 32 deg impact separated the blade 
from the root No local damage other than leading-edge debonding 
was observed for either blade. The results of a failure mode analysis 
are also discussed. (Author) 


A79-23509 * » Effect of lip and cemerbody geometry on 

aerodynamic performance of inlets for tiltingnacelle VTOL atreraf^ 
R R Burley (NASA. Lewis Research Center, Cleveland. Ohio) 
American Institute of Aeronautics and Astronautics, Aerospace 
Sciences Meeting. 17th, New Orleans. La.. Jan. 1517. 1979. Paper 
79-0381 25 p 8 refs 

Inlets for tilt-nacelle VTOL aircraft must operate over a wide 
range of incidence angles and engine weight flows without internal 
flow separation Wind tunnel tests of scale model inlets weie 
conducted to evaluate the effectiveness of three geometric variables 
to provide this capability Increasing the lip cpntract'on ratio 
increased the separation angle at all engine weight flows The 
optimum axial location of the centerbody occurred when its leading 
edge was located lust downstream of the inlet hp Compared with a 
short centerbodv. the optimum location of the centerbody resulted 
in an increase in separation angle at all engine we.ght flows 
Decreasing the lip maior to minor axis ratio increased the separ/ non 
angle at the lower engine weight flows. (Author) 


A79-23512 * /* Effect of forward velocity and crosswind on 

the reverse thrust peiformance of a variable pitch fan engine D C 
Reemsnyder and D A Sagerser (NASA. Lewis Research Center. 
Cleveland Ohio) American Institute of Aeronautics and Astronau 
tics. Aerospace Sciences Meeting. 17th. New Orleans. La .Jan. 15-17. 
1979 Paper 79 0105 .20 p 12 refs 

Vanabie-pitch-tan eng.nes may be attractive for future short- 
haul aircraft >f sufficient reverse thrust is available for aircraft de 
celeration after touchduwn Thrust reversal is obtained m these 
engines by changing fan blade pitch about 90 deg. which causes the 
fan airflow to enter the fan duct nozzle and exhaust through the fan 
inlet This capability would eliminate the heavy and costly thrust 
reverser system required lor Current fixed pitch turbotan engines 
NASA has. therefore, supported the development of advanced tech 
nology tor a quiet, clean, high bypass rat >o turbofan engine for 
future short haul aircraft In connection with this program, tests 
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were conducted to determine the effect of forward velocitv end 
angle of attack on steady state reverse tfuust performance Other 
objectives of the tests were related to the determination of the effec* 
of forward velocity on torward-to reverse thrust transient perfor 
mance and the determination of the effectiveness of an overshoot 
blade angle technique to establish reveise thrust during a transient. 
The results of the tests are discussed G.R. 


A79-25856 * » Lean combustion limits of a confined 

premised prevaponred propane jet. K. L. Huck (NASA. Lewis Re 
search Center. Cleveland. Ohio. Martin Marietta Aerospace. Bethesda. 
Md.|. American Institute ol Aeronautics end Astronautics. Annuel 
Meeting end Technical Display. 15th. Washington. u.C, Feb. 6-8. 
1979. Paper 79-0538 9 p. 10 refs. 

An experimental study was earned out to determine the effects 
of jet velocity and confinement on lean premixed-prevaporired pro- 
pane/air blowout limits. The combustor consisted of a single hole 
tlameholder within a quart; liner. Five flameholder plates and two 
quait; liners were used Lean stability limits were mapped for con- 
fined propane jet in cylindrical combustor. Three tones of flame 
stability were observed depending on the liner and jet Reynolds 
number and the combustor geometry. At low Reynolds number the 
combustor was jet stabilized. As the Reynolds number was increased 
the combustor became either 'ecirculation zone stabilized, or for 
small recirculation zone step sizes, the combustor was wall stabilized. 
The factors affectir-g stability seem to be the Reynolds numbers of 
the liner and nlet .et along with the flameholder step size Stability 
was achieved at both laminar and turbulent conditions. S.D 


A79-2S870 * e NASA research on general aviation power 

plants. W L. Stewart. R J Weber. E. A Willis, and G. K Sievers 
(NASA. Lewis Research Center. Cleveland. Ohio) Americen Institute 
of Aeronautics end Astronautics Annuel Meeting end Technical 
Di vley. 15th. Wellington . D C. Feb. 6-8. 1979. Fjper 79-0561 . 10 
p. 7 refs. 

Research activities within NASA to Support general aviation 
industry in improving propulsion engines are described. Near-term 
objectives include imjxovements of gasoline piston engines to achieve 
fuel savings and reduce emissions well below EPA levels. To meet the 
longer term goals, advanced combustion research has been considered 
as essential in obtaining further improvements in 8SFC (b-eak 
specific fuel consumption). Modifications of an aircraft rotary engine 
were tested and it was found that by increasing the compression ratio 
and other rtfinements the BSFC was improved by 15%. The 
applicability of available large turbofan engine technology to small 
engines in order to ootain significant reductions in noise and 
pollutant emissions is being tested Studies have been conducted at 
exploring the possibility of achieving high improvements in cost and 
performance for turboprop engines of less than 1000 horsepower 

A.A. 


A79-25880 * Prop fan propulsion Its status and potential 

J F Dugan, Jr (NASA. Lewis Research Center. Cleveland. Ohiol. B 
S. Gatzen. and W M Adamson (United Technologies Corp . 
Hartford. Conn.|. Society ot Automotive tngineers. Aerospec 
Meeting. San Diego. Calif . Ho*. 27-30. 19/8. Paper 780995 7Z p 
43 rets 

Studies nave established that advanced turboprop (r op tan) 
equipped aircraft will reduce fuel consumption by 15 to '0 percent 
compared to aircraft equipped with high bypass turbofsr engines of 
equivalent technology A reduction in direct operat ng costs of 
approximately 10 percent has been identified for comm rcial aircraft 
as well as approximately 20 percent lower gross weigh airplane tor 
long endurance military missions The prop Ian propul .ion system is 
being investigated as part of the NASA Aircraft Enerjy Efficiency 
program which includes both analytical studies and experimental 
tests. The experimental work encompasses performance and acoustic 
wind tunnel tests on several piop-fan models The prop-tan rech 
no logy status is reviewed in the maior areas ot peitormance. installed 


effects, cabin noise, blade structure and maintenance cost. Also, 
further activities required to complete the technical validation of 
prop-fans ere described. (Author I 


A 79-25886 * An in-plece recalrbration technique to extend 

the temperature capability of capacitance-sensing, rotor-blede-tip- 
dearenc* measurement systems J. Barringer (NASA. Lewis Research 
Center. Cleveland. Ohio). Society of Automotive Engineers. Aero- 
fjece Meeting. Sen Diego. Calif.. Nov 27-30. 1978. Paper 781003. 
14 p. 

It is known 'hat capacitance -sensing, rotor blade tip-clearance 
measurement systems suffer from e strong dependency on probe tip 
temperature and humidity. A novel in-place rtcahbration technique 
portly overcomes this problem through e simple modification of the 
electronics that permits a scale factor correction. The technique is 
used to reduce the errors in a commercial system by more than 50 
percent up to a temperature of 370 C (700 F). A probe design is 
proposed to further raise the maximum temperature capability of the 
measurement system. (Author) 


A79 26877 * 4 Measured and predicted noise of the AVCO- 

Lycom.ng YF 102 turbofan engine 0. J. Clark. J. G. McArdle. and 
L Homyak (NASA. Lewis Research Center. Cleveland, Ohio). 
American Institute of Aeronautics end Astronautics. Aeroecoustics 
Conference. 5th. Seattle. Wash.. Mar 12-14. 1979. Paper 79-0641 9 
p 8 refs. 

Aooustic testing of the AVCO-Lycommg YF-102 turbofan 
engine was done on a static test stand at Lewis Research Center in 
support of the Ouiet Short Haul Research Aircraft IQSRA) acoustic 
design Overall noise levels are dominated by the tan noise emanating 
from the exhaust duct, except at high power settings when 
combination tones are generated in the fan inlet Component noise 
levels, calculated by noise prediction methods developed at Lewis 
Research Center for the ANOP program, are in reasonable agreement 
with the measuted icsults Far field microphones placed at ground 
level were found superior to those at engine centerline height, even at 
high frequencies (Author) 


A 79 26881 * • Full scale engine trsts of bulk absorber acous- 

tic inlet treatment L J Heidelberg and L Homyak (NASA. Lewis 
Rrsearcn Centei. Cleveland. Ohio). Americen Institute ol Aeronau- 
tics end Astronautics. Aeroecoustics Conference. 5th. Searrfe. Wash.. 
Mar. 12 14. 1979. Paper 79-0600. 10 p 6 rets. 

Three different densities of Kevlar bulk absorber fan inlet 
treatment were tested on a YF 102 turbofan engine This bulk 
absorber material may have potential for flight application. Far-field 
noise measurements were made and the attenuation properties of the 
three treatment densities were compared In addition the best bulk 
tree 1 *nt was compared to the best single degree of freedom. SDOF 
inoneycomb and perforated cover sheet) treatment from another 
investigation. Although the density was varied over a large range. (3 
to II the etfect on attenuation was small. The highest density 
treatment. 1 1 8 tb/cu ft. had a somewhat broader attenuation 
bandwidth The comparison of the best bulk end SDOF treatments 
showed the bulk to have a greater attenuation bandwidth At the 
design frequency both types of treatment had almost equal perfor 
mance (Author) 


A7926926 * » Evaluation ol two inflow control devices for 

flight simulation of fan noise using a JT15D engine W L Jones. J. 
G McArdle and L Homyak (NASA. Lewis Research Center. 
Cleveland. Ohio) American Institute of Aeronautics and Astronau- 
tics Aeroecoustics Conference 5th. Seattle, Wash.. Mar. 12-14. 
1979 Paper 79 0654 1 1 p 9 refs 

Two nflow control devices. 1 1 CD's I one inouCt and the other 
exttn ai to the due;, were tested on a JT15D engine to determine 
r he i r abu.tv to remove inflow turbulence wilhout altering the sound 
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trinj'ussion to the fir field. The objective of the program mu to 
develop meins of accurately timuliting flight fm isorie on ground 
Stitic test ttinds. The results genenlly mdicited thit both the 
in 'jet ind e eternal ICD's were effective in reducing the inflow 
turbulence and the fm blade pissing frequency tone generated by 
the turbulence. The eeternal ICO *n essentially transparent to the 
propagating fm tone but the in duct ICO caused attenuation under 
most conditions. (Author) 


A79-26944 * 0 Analysis of radiation patterns of interaction 

tones generated by inlet rods in the JT15D engine. M. F. Seidmann. 
A V Saule, and J. G. McArdle (NASA. Lewis Research Center. 
Cleveland. Ohio). American Institute of Aeronautics and Astro- 
nautics. Aaroacoustics Conference. 5th. Seattle . Wash.. Mar 12-14. 
1979 Paper 79-0581 14 p. 10 refs. 


A79-29383 * e Effect of oroedened-specrficanon fuel? on 

aircraft engines and fuel systems. R. A. Rudey (NASA. Lewis 
Research Center. Cleveland. Ohio) In International Symposium on 
An Breathing Engines, 4th. Orlando. Fla.. April 1-6. 1979. Proceed- 
ings. (A79-29376 11-071 New York. American Institute o‘ Aeronau- 
tics and Astronautics. Inc.. 1979. p 53-69. 23 refs. (AIAA 79-7008) 
A wide variety of studies on the potential effects of broadened- 
specification fuels on future aircraft engines and fuel systems are 
sum-named The compositions and characteristics of aircraft fuels 
that may be derived from current and future crude-oil sources are 
described, and the most critical properties that may affect aircraft 
engines and fuel systems are identified and discussed The problems 
that are most likely to be encountered because of changes in selected 
fuel properties are described, and the related effects on engine 
performance, component durability and maintenance, and aircraft 
fuel-system performance are d-scussed The ability of current 
technology to accept possible future fuel -specification changes is 
discussed, and selected technological advances that can red ice the 
severity of the potential problems are illustrated. (Author) 


A79 29386 * a Characteristics of aeroelastic instabilities in 

turbomachmery NASA full scale engine test results. J. F. Lubomski 

(NASA. Lews Research Center. Cleveland. Oh.o). In: International 
Symposium on Air Breathing Engines. 4th. Orlando. Fla . April 1-6. 
1979. Proceedings (A79 29376 1 1-07) New York. A.nencan Insti- 
tute of Aeronautics and Astronautics. Inc.. 1979, p. 91-102 8 refs. 
(AIAA 79-701 1 1 

Several aeromechanical programs have been conducted m the 
NASA/USAF Joint Engine System Research Programs. The scope of 
mete programs, the instrumentation, data acquisition and reduction, 
and the test results are discussed Data pertinent to 'our different 
instabilities were acquired, two types of stall flutter, choke flutter 
and a system mode instability The data indicates that each 
instability has its own unique characteristics. These characteristics 
are described (Author) 


A79-30S21 * r Effect of rotor tip clearance and configuration 

on overcll performance of a 12 77 centimeter tip diameter axial flow 
turbine. J E Haas (USAF. Aero Propulsion Laboratory. Wright- 
Patterson AF6. Ohiol and M. G Kofskey (NASA. Lewis Research 
Center, Cleveland. Ohio) American Society of Mechanical Engineers. 
Gas Turbine Conference and Exhibit and Solar Energy Conference. 
San Diego. Cahf.. Mar 12 15. 1979. Paper 79GT-42. 9 p 7 rets. 
Members. SI 50. nonmembers. S3 00 

An extensive experimental investigation was made to determine 
the effect of varying the rotor tip clearance of e 12.77 cm t.p 
.-trimeter, single stage, ax ai flow reaction turbine In this investga 
lion, the rotor tip clearance was obtained by use o' a recess in the 
casing above the rotor blades and also by use of a reduced blade 
height. For the recessed casing cont gu'aton. the optimum rotor 
blade height was found to be the one where the rotor tip diameter 


was equal to the stator tip diameter. The tip clearance loss associated 
with this optimum recessed casing configuration was leu inert that 
for the reduced blade height configuration. (Author) 


A7930553 *4 Thermal structural mission analyses of air- 

cooled gas turbine blades. A Kaufman and R. E. Gaugler (NASA. 
Lewis Research Center. Cleveland. Oho) American Society of Me 
chamcal Engineers. Gas Turbine Conference and Exhibit and Solar 
Energy Conference. San Diego. Cahf.. Mar 12 15. 1979. Paper 
79-GT-19. I! p. 8 refs. 

Cyclic temperature and stress stum states in cooled turbine 
blades were calculated fir i simulated mission of an advanced teen 
no logy aircraft engine. TACTI (three dimensional heat transfer) anu 
MARC (nonlinear structural analysis) computer programs wera used 
to analyst impingement cooled airfoils, with and without leading 
edge f Jm cooling. Creep was the predominant damage mode, pan KM 
larly around film cooling holes Radially angled holes exhibited less 
creep than holes normal to surface. Geamtypc analyses of all- 
impmgement cooled iitfoils gave fax agreement with MARC results 
for initial creep. (Author) 


A79-30S57 * » The Advanced Low-Emissions Catalytic- 
Combustor Program: Phase I • Description and status. A J. Saaniwlo 
(NASA. Lewis Pesench Center. Cleveland. Ohio). American Society 
of Mechanical Engineers. Gas Ti Dine Conference and Exhibit and 
Solar Energy Conference. San Diego. Calif.. Mar. 12-15. 1979. Paper 
79-GT-192 11 p. 22 refs. 

The Advanced Low-Emissions Catalytic Combustor Program is 
an ongoing three-phase contract effort with the primary obiective of 
evolving the technology required for incorporating catalytic combus- 
tors into advanced aircraft gas-turbine engines. Phase I is currently in 
progress. At the present time, analytical evaluation IS being con- 
ducted on advanced catalytic-combustor concepts, including variable 
geometry, with then known inherent potential advantages of low- 
level pollutant emissions, widened combustion stability limits, and 
reduced pattern factor for longer turbine life Phases II and III will 
consist of experimental evaluation of (he most promising concepts. 

(Author) 


A79-30559 * » Effect of firght loads on turbofan engine per 

forrrwi. -fetenoratron. E. G. Stakohch (NASA. Lewis Research 
C-nter. Cleveland. Ohio). A. Jay. E S Todd (United Technologies 
Corp . Pratt and Whitney Aircraft. East Hartford. Conn ). P G. 
Kafka and J L. White (Boeing Commercial Airplane Co . Renton. 
Wash ). A.nencan Society of Mechanical Engineers. Gas Turbine 
Conference and Exhibit and Solar Energy Conference, San Diego 
Cahf.. Mar. 12-15. 1979. Paper. 21 p 

A significant percentage of highby pass ratio turbofan engine 
performance deterioration is caused by an increase in operating 
clearance between fan compressor and turbine blades and their outer 
air seals These increased clearances result from rubs induced by a 
combination of engine power transients and aircraft flight loads An 
analytical technique for predicting the effect ot quasi-steady state 
aircraft flight loads on engine performance deterioration has been 
developed and is presented Thrust acrodymmic and inertia loads 
are considered Analytical results are shown and compared to actual 
engme test experience. (Author) 


A79-30560 * » The GATE Rudies Assessing th# potential of 

future small general aviation turbine engines. W C. Strack (NASA. 
Lewis Research Center. Cleveland. Ohio) American Society of 
Mechanical Engineers Gas Turbine Conference and E xhibt and Solar 
Energy Conference, San Diego. Calif.. Mar. 12- IS. 1979. Paper 22 p. 

Four studies have been completed that explore the opportuni 
ties lor future General Aviation Turbine Engines (GATE) m the 
150 1000 SHP class These studies forecasted the potential impact of 
advanced technology turbine engines in the post-1988 market, identr- 
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f,cd important au'Ciaft and mission.. desirable engine V'tl, engine 
performance and cost goals. Parametric evaluations of various engine 
cycles, configurations, design features, and advanced technology ele- 
ments defined baseline conceptual engines for each of the important 
missions identified by the market analysis Both fned-wmg and 
helicopter aircraft, and turboshaft. turboprop, and turoofan engines 
were considered. Key technology aieas were recommended tor 
NASA support m order to realne proposed improvements (Author) 


A79- 32329 * # An off-design correlation of part span damper 

losses through transonic axial fan rotors. W. B Roberts (Nielsen 
Engineering and Research, trie.. Mountain View, Calif ), J. E Crouse, 
and 0. M. Sandercock (NASA. Lewis Research Canter. Cleveland. 
Ohio). American Society of Mechanical engineers. Get Turbine 
Conference end Exhibit and Solar Energy Conference. San Diego. 
Calif . Mar 1215. 1979. Paper 79GT-6 15 p. 21 refs. Members. 
$1.50 nonmembers. $3 00. Grant No. NsG-3133. 

The experimental performance of 10 transonic fan rotors was 
used to correlate losses caused by midchord part span dampers (PSD) 
during off design operation between 50 and 100 percent of design 
speed. The design tip speed tor the rotors used varied from 419 to 
425 m's and the design pressure ratios from 16 to 2.0. The loss 
attributable to the damper and the region influenced along the blade 
height was correlated with relevant aerodynamic and geometric 
parameters. The losses at the design point were estimated bv a 
previously reported correlation (Roberts. 1978). Using this as a base, 
the offdesign losses were correlated with variation in blade suction 
surface incidence. A check with independent data si so wed that the 
prediction of damper losses and region of influence was fair to good 
for moat of the off-design data examined. (Author) 


A79-36729 * Preliminary QCGAT program test results. R 

W. Koenig and G K S-evers (NASA Lewis Research Center. 
Cleveland, Ohio) Society of Automotive Engineers. Business Aircraft 
Meeting and Exposition. Wichita, Kan.. Apr. 3 6. 1979. Paper 
790596 1 1 p 

The paper present, the NASA Lewis program to demonstrate 
that large engine technology can be applied to general aviation 
engines to reduce no'ur emissions, and tuel consumption After a 
Phase I study two conti actors. Garrett A.Reseatch and AVCO 
Lycoming, were selected to design, manufacture, assemble. lest, and 
deliver then Quiet. Clean. General Aviation Turbofan (QCGAT) 
engines to NASA None, i .s.u md performance goals and how 
well they were met are discussed Noise goa's involve take oil riOise 
3 5 n mi from runway threshold, sideline no se at .25 n mi and 
approach none 1 n mi. from the runway at an altitude of 370 ff. The 
AiResearch engines power a stretched Learie! 35 and the Lycoming a 
specially conceived Beech executive iet. resulting in differing power 
goals Thus the thrust goal for the Lycoming was 1622 lb. while the 
AiResearch goal was 3937 lb Crune thiust goals were 485 lb at 
Mach 0 6 at 25.000 ft and 903 lb at Mach 0 6 at 40.000 ft. 
respectively The design of both engines, based on existing cores, n 
studied, noting Such special QCG AT tcatuies as new reduction gears, 
combustor and power turbine Test results are given indicating that 
vyh.lt the goals tor noise and thrust were met those for emissions 
were only partially met. M E P. 


A79-36747 * New opportunities for tufure small civil fur 

bine engines • Overviewing fhe GATE studies W C Strac* (NASA 
Lewis Research Center , Cleveland, Ohiol Society of Automotive 
Engineers . Business Aircraft Meeting and Exposition, Wichita. Kan.. 
Apr 3 6. 1979. Paper 790619 11 p 

This paper presents an overview of tout independent studies that 
explore the opportunities lor future General Aviation Turbine 
Engines IGATEl n the 150-1000 SHP class Detroit Diesel Allison, 
Garrett A, Research, Teledyne CAE, and Williams Research partio 
piled along with several iirtnmers These studies forecasted the 
potential impact o< advanced technology turbine engines n the 
post 1988 market, identified important arcralt and missions, de 


srreble engine tries, engine performance and cost goals. Parametric 
evaluations of vanou> .ngine cycles, configurations, design features, 
end advanced technology elements defined baseline conceptual 
engines for each of the important missions identified by the market 
analysis. Both fixed-wng end helicopter aircraft, end turboshaft. 
turboprop, and turbofen engines were consioered. All four com- 
panies predicted suable performance gams (t.g.. 20% SFC decrease), 
end three predicted large engine cost reductions of sufficient 
magnitude to challenge the reciprocating engine in the 300-500 SHP 
class. Kay technology areas were recommended for NASA support in 
order to realize these improvements. (Author) 


A 79- 36 7 59 • Wind tunnel perfor ince of four energy effi- 

cient propellers designed for Mach 0.8 cruise. R J. Jeracki. D. C. 
Mikktlson. and B J. Blaha (NASA. Lewis Research Center. Cleve- 
land. Ohio). Society of Automotive Engineers. Busmes Aircraft 
Meeting and Exposition. Wichita. Kan.. Apr. 3-6. 1979. Paper 
790573 22 p 44 refs. 

For the advanced turboprop to be competitive with proposed 
advanced turbofan powered aircraft, it must have high propulsive 
efficiency af Mach 0.8 cruise above 9 144-km altitude with an 
acceptable cabm noise environment. Four 8 bladed propeller models 
are designed employing various concepts to reduce compressibility 
losses Wind tunnel tests are conducted at zero model incidence to 
the tree-stream flow. Aerodynamic and acoustic t»< results ere 
presented and discussed. It is shown that the axroacouttically 
designed configuration (SR-31 with 45 deg of tip sweep and an 
area-rutkl spinner yields the highest propulsive efficiency (78.7% at 
Mach 0.8. -3 06 advance ratio, and 1.7 power coefficient), with an 
improvement of about 3% over the straight bladed configuration 
(SR-2. with zero-degree sweep). The phase-interference concept for 
noise reduction used in SR-3 yields about 5-6 d8 reduction as 
compared to SR-2. S.D. 


A79-36760 • Effects of air injection on a turbocharged 

Teledyne Continental Motors TSI0-360-C engine. D. V. Cosgrove 
and E E. Kempke (NASA, Lewis Research Center Cleveland. Ohio). 
Society of Automotive Engineers. Business Aircraft Meeting and 
Exposition. Wichita. Kan.. Apr. 3-6. 1979. Paper 790607. 35 p. 7 
refs. 

Results are presented for tests performed to assess the effects of 
exhaust manifold injection air flow rate on emissions and on exhaust 
gas temperature and turbine inlet temperature for a range of engine 
operating conditions (speed, torque, and fuel-air ratios) of a 
fuel-injected turbocharged six-cylinder air-cooled Teledyne Continen- 
tal Motors TSlO-360 C engine. Air injection info the exhaust gas at 
80 F resulted in a decrease m hydrocarbons and carbon monoxide 
while exceeding the maximum recommended turbine mist tempera- 
ture of 1650 F at the full rich mixture of the engine. The EPA 
standard* could be met within present turbine mlet temperature 
limits using commercially available nr pumps, provided that the 
fuel-air ratios were leaned m the taxi, climb, and approach modes 

S.D. 


A7 9 38S69 * a Effect of shocks on film cooling of a full scale 

tuiboirf exhaust nozzle having an external expansion surface. D M 
Straight (NASA Lewis Research Center. Cleveland. Ohiol AI/xA. 
SAE. and ASME. Joint Propulsion Conference. 15(h. Las Vegas. 
Alev June 18 20. 1979. AIAA Paper 79 1170 13 p 17 rets 

Cooling is one ol tne critical technologies lor efficient design ol 
exniust nozzles, especially for the developing tecnnology of non 
axisymmeti'C (2D) nozzles lor future aircraft applications Several 
promising 2D nozzle designs have external expansion surfaces which 
need to he cooled Engine data arc scarce, however, on nozzle 
cooling effectiveness ir the supersonic tlow environment (with 
shocks! that exists along external expansion surfaces This paper will 
present experimental film cooling data obtained during exploratory 
testing with an axuymmetnc plug nozzle having external expansion 
and installed on an afterburning turboiet engine in an altitude test 
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facility The data obtained showy that the shocks and local hot qas 
stream conditions have a marked effect on film cooling effect veness 
An existing film cooling correlation is adequate at some operating 
conditions but inadequate at other conditions such as in separated 
flow regions resulting from shock boundary-layer interactions. 

(Author) 


A79-38961 * X Test verification of a turbofan partial swirl 
afterburner. K J. Hanloser (United Technologies Corp.. Pratt and 
Whitney Aircraft Group. West Palm Beach. c la ) and R. Cullom 
(NASA. Lewis Research Center. Cleveland. Ohio). AIAA. SAB. and 
ASME. Joint Propulsion Conference. 15th. Us Vegas. Nev. June 
18-20. 1979. AIAA Paper 79 1199 6 p 6 refs. 

Flamcspreadmg velocities exceeding convent nnal turbulent 
flamespreadmg values weie demonstrated m a strong centrifugal flow 
field This centr fugal flow field flamesprjuding concept was mte 
grated into an FI 00 turbofan engine afterburner by introducing 
swirling airflow into the afterburner Successful tests were conducted 
on F tOO Engine P072 at sea level and at altitude conditions in a test 
chamber. This paper summarizes the design approach, engine design 
verification tests and performance data. Engine tests showed the 
swirl afterburner increased fuel-aii capability improving combustion 
stability at adverse conditions for combustion in the engine flight 
envelope. No engine performance or durability degradation was 
observed. (Author) 


A7938964 * a Application of digital controls on the quiet 

clean short haul experimental engines. A A Saunders. Ji (General 
Electric Co. Aiicraft Engine Group. Cincinnati. Ohio) and A C. 
Hoffman (NASA. Lewis Research Center. Cleveland. Ohio) AIAA. 
SAB. and ASME. Joint Propulsion Con ference. 15th. Las Vegas. 
Nev.. June 18 20. 1979. AiAA Paper 791203 8 p. 6 refs Contract 
No NAS3 1 8021 

The digital control systems for the Under-the-Wmg (UTWI and 
Over the-Wmg (OTWI eng developed on the NASA General 
Electric Quiet Clean Shorthaul Experimental Engine (OCSEE) 
program are described The system to control engine variables 
includes three maior functional parts system sensors, digital control 
and system actuators One of the primary control system functions is 
to prevent the engine Itom exceeding speed or temperature limits. 
The UTW control system also provides lauit detection and condition 
monitoring The control sv stem requirements for the OTW engine are 
essentially the same as the UTW engine, however the inlet Mach 
number control requirement is eliminated, and failure indication and 
corrective action and full authority digital control are added The 
digital controls scheduled tne engine variables and maintained engine 
operation within all physical limits throughout the test P'ograrri of 
approximately 200 hours of operation and provided stable and 
accurate control of both engines. V T 


A79 39031 * » Combined pressure and temperature drtortion 

effects on internal flow of a turbofan engine. W M Braithwade and 
R H Soeder (NAS/ Lewis Research Cenlct. Cleveland. Ohio). 
AIAA. SAE, and ASME, Joint Propulsion Conference. 15th, Las 
Vegas. Nev June 18 20 1979. AIAA Paper 79 1309 11 p 13 i ef s 
The flow characteristics obtained experimentally for tne com- 
pression ol a 2 spool TF30 P 3 turbotan engine ope.atmg with 180 
grad combined pressure «nd temperature distortion m the inlet flow 
are presented The analytical model IMazzawv and Banks 1976). 
'tuned' during Lewis testing, was used for pretest predictions of the 
effects that these distortions would have on the engine flow 
characteristics and tne limiting distortion values The effect of inlet 
flow distortion on the performance of the engine is discussed 
including (1) the flow between a screen mounted in the inlet duct 
and the inlet guide vanes. (2) the flow through the compression 
system, and (3) the effects of the combined d.stortion and its 
orientation on the compressor stability limits ; is concluded that 
•he model used in this program was capable of predicting the effects 
of total pressure, total temperature and combined total pressure-total 


temperature distortions in terms o< flow profiles, inlet flow angles 
and attenuation of the distortions through the compressor system. It 
was also capable of predicting the trends of the limiting values 
experienced with various orientations of the combined distortions. 

V.T 


Ai*>39034 * K Lean, premixed, prevaporized comb on for 

aircraft gas turbine engines E. J. Mularz (NASA. Lewis Mesearch 
Center. U.S Army. Propulsion Laboratory. Cleveland. Oh ; o). AIAA, 
SAB, and ASME, Joint Propulsion Conference. 15th. Las Vegas. 
Nev.. June 18-20, 1979. AIAA Paper 791318. 13 p 24 refs. 

The application of lean, premixed, prevaporued combustion to 
aircraft gas turbine engine systems can result in benefits in terms of 
superior combustion performance, improved combustor and turbine 
durability, and environmentally acceptable pollutant emissions. 
Lean, premixed, prevaporized combustion is particularly attractive 
for reducing the oxides of nitrogen emissions during high altitude 
cruise. The NASA Stratospheric Cruise Emission Reduction Program 
will evolve and demonstrate lean, premixed, prevaporized combus- 
tion technology for aircraft engines. This multiphased program is 
described. In addition, the venous elements of the Fundamental 
Studies Phase of the program are reviewed, and results to date of 
many of these studies are summarized. (Author) 


A79-39804 * » Materials and structural aspects of advanced 

gas-turbina helicopter engines. J. C. Freche (NASA. Lewis Research 
Center. Cleveland. Ohio) and J. Acuno (U.S Aimy. Propulsio 
Laboratory. Cleveland, Ohio). Association Aeronautique et Astro ■ 
nauttque de Prance. International Congress in Aeronautics. Paris. 
France. June 6-8. 1979. Paper. 63 p 122 'ets. 

Advances in materials, coatings, turbine cooling technology, 
structural and design concepts, and component life prediction of 
helicopter gas-turbine-engme components ate presented Stationary 
parts including the nlet particle separator, the front frame, rotor tip 
seals, vanes and .umbustors and rotating components - compressor 
blades, disks, and turbine blades • are discussed. Advanced composite 
materials are considered for the front frame and compressor blades, 
prealloyed powder superalloys will increase strength and reduce costs 
of disks, the oxide dispersion strengthened alloys will have 1G0C 
higher use temperature in combustors and vanes than conventional 
supcralloys. ceramics will provide the highest use tempeiature of 
1400C for stator vanes and 1370C for turbine blades, and direction 
ally solidified eutectics will afloid up to 50C temperature advantage 
at turbine blade operating conditions. Coatings tor surface protection 
at higher surface temperatures and design trerds in turbine cooling 
technology are discussed. New analyt-cal methods of life prediction 
such as stra.n gage parlitionma tor high temperatun prediction 
fatigue life, computerized p'ldtchon of oxidation resistance, and 
advanced techniques tor estimating coating life are described A T 


A79-39814 * X Multivariable control altitude demonstration 

an the F100 turbofun engine B Leht.nen INASA Lewis Research 
Center. Cleveland. Ohio). R L DeHott (Systems Control. Inc , Palo 
•kilo, Calif), and R D Hackney (United Technologies Corp Pratt 
and Whitney Aircraft Group. West Palm Beach, Fla) AIAA. SAE. 
and ASME. Joint Propulsion Conlerence. 15th Los Vegas. Nev.. June 
13-20. 1979. AIAA Paper 791204 2S p 16 rets 

The control system designed under the Multivariable Control 
Synthesis (MVCSl program lor the F100 turbofan engine is 
described. The MVCS program, applied the linear quadratic regulator 
(l OR I synthesis methods in Ihe design ot a multivariable engine 
control system to obtain enhanced performance from cross coupled 
controls, maximum use of engine variable geometry, and a syslcmahc 
design procedure that can be applied efficiently to new engine 
systems. Basic components ot the control system, a 'c-feience value 
generator tor deriving a desired equilibrium stale and an approximate 
control vector, a transition model to pioduce compatible reference 
point traiectones during gross transients, gam schedules lor produc 
ing feedback terms appropriate to the flight condition, and integral 
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switching logic to produce acceptable steady state performance 
without engine ofierating limit exceedance art described and the 
details of the FVJO implementation presented. The engine altitude 
test phase of the MVCS program, and engine responses in a variety of 
test operating points and power transitions are presetv.d. A.T. 


A79- 40488 * # A summery of NASA/Air Force Full Scale 
Engine Research programs using the FI 00 engine. W. J. Deskin 
(United Technologies Corp., Government Products Div., West Palm 
Beach, Fin.) and H. G. Hurrell (NASA, Lewis Research Center, 
Cleveland Ohio). AIAA, SAF, and ASME. Joint Propulsion Confer 
ence, 1 St h. Las Vegas, Nev., Junt 18-20, 1979, AIAA Paper 79-1306. 
14 p. 20 refs. 

This paper summarizes a joint NASA/Air Force Full Scale 
Engine- Research (FSER) program conducted with the F100 engine 
during the period 1974 through 1979. The program mechanism is 
described and the F 100 test vehicles utilized are illustrated. 
Technology items which have been addressed in the areas of swirl 
augmentation, flutter phenomenon, advanced electronic control logic 
theory, strain gage technology, and distortion sensitivity are identi- 
fied and the associated test programs conducted at the NASA Lewis 
Research Center are described. Results presented show that the 
FSER approach, which utilizes existing state-of-the-art engine hard- 
ware to evaluate advanced technology concepts and problem areas, 
can contribute a significant data base for future system applications. 
Aerodynamic phenomenon previously not considered by current 
design systems have been identified and incorporated into current 
ind »try design tools. (Author) 


A79-47918 * 0 Eneigy efficient aircraft engines. R Chamber- 
lin and B. Miller (NASA, Lewis Research Center, Energy Con- 
servative Engines Office. Cleveland, Ohio). American Institute of 
Aeronautics and Astronautics, Aircraft Systems and Technology 
Meeting, New York, N.Y., Aug. 20-22, 1979, Paper 79-1861 . 11 p. 

The three engine programs that constitute the propulsion 
portion of NASA's Aircraft Energy Efficiency Program are described, 
their status indicated, and anticipated improvements in SFC dis- 
cussed. The three engine programs are (1) engine component 
improvement, directed at current engines. (2) energy efficient engine, 
directed at new turbofan engines, and (3) advanced turboprops, 
directed at technology lor advanced turboprop-powered aircraft with 
cruise speeds to Mach 0.8. Unique propulsion system interactive ties 
to the airframe resulting from engine design features to reduce fuel 
consumption are discussed. Emphasis Is placed on the advanced 
turboprop since it offers the largest potential fuel savings of the three 
propulsion programs and also has the strongest interactive ties to the 
airframe. (Author) 


A79-50208 * QCSEE - The key to future short haul air 

transport. C. C. Cirpluch (NASA, Lewis Research Center, Quiet, 
Clean, Short Haul Experimental Engine Proiect Office, Cleveland, 
Ohiol and W S Willis (General Electric Co , Aircraft Engine Group. 
West L , nn, Mass I . ICAO Bulletin, vol. 34. Apr 1979, p 24-29. 

The paper dcscriixrs the design and test procedure for the 
QCSEE (quiet, clean, short haul experimental engine) The engines 
designed for the YC 14 and YC 15 5TOL aircraft, both use a very 
low fan pressure ratio to keep jet-flap noise about 3 dB below total 
system noise. Other r.oise reducing features discussed arc the low tip 
speed fans and a carefully selected number of fan blades and vanes 
with adequate spaernq between them. Attention is also given to the 
development of a low emissions comb stor, and reduction of fan 
frame weight, through the use of grapbiie/epoxy material. The 
YC-15 engine also employs variable pitch fans to provide thrust 
reversal, thus saving weight Finally, it is noted that the tests have 
proven that the engines could be configurated to meet the needs of a 
powered lift system without excessively compromising performance 
or we ht M E P. 


A79-S0333 * Airborne atmospheric sampling system. U R. 

C Gustafsson (United Airlines. Inc.. San Francisco, Calif.), P J. 
Parkins, T. W. Nyland, M. W Tiefermann. and T. J. Dudzinski 
(NASA, Lewis Research Center. Cleveland. Ohio). In Learning to 
use our environment; Proceedings of the Twenty-fifth Annual 
Technical Meeting. Seattle. Wash April 30-May 2. 1979. (A79- 
50326 22-42) Mount Prospect. III., Institute of Environmental 
Sciences, p. 48-57. 

The atmospheric sampling system developed for use on board 
commercial airliners as part of the Global Atmospheric Sampling 
Program (GASP) is described. The automated air-constituent measur- 
ing system is installed in a Boeing 747 airliner below the passenger 
cabin floor near the nose wheel well. It consists of an air sample flow 
system, composed of air inlet and pressjrization systems, computer- 
ized data acquisition and system control units which direct system 
operation in 15 modes, and commercial instruments significantly 
modified to measure low levels of atmospheric constituents (ozone, 
water vapor, nitrogen oxides, carbon monoxide, chlorofluorome- 
thanes, particulates, condensation nuclei, sulfates and ni. rates). 
Flight and meteorological data, including air temperature and 
altitude, are also recorded. The system is designed for servicing at 
14-day intervals, and to require a minimum of aircrew involvement. 

A.L.W. 

N79 1U068*| Pratt and Whitney Aircraft Group. West Palm 
Beach Fla Government Products 0iv 

EVALUATION OF THE CYCLIC BEHAVIOR OF AIRCRAFT 
TURBINE DISK ALLOYS Final Report 

8 A Cow'es D L Sims, and J R Warren Oct 1978 152 p 
refs 

(Contract NAS3-20367) 

(NASA-CR 159409 PWAFR-102991 Avail NTIS 

HC A08/MF A0 1 CSCL 2 IE 

Five aircraft turbine disk alloys representing various strength 
and processing histones were evaluated at 650 C to determine 
if recent strength advances in powder metallurgy have resulled 
.n corresponding increases in low cycle fa -gue (LCF) capability 
Controlled strain LCF tests and controlled load crack propagation 
tests were performed Results were used for direct material 
comparisons and m the analysis of an advanced aiicraft turbine 
disk having a fixed design and operating cycle Crack initiation 
lives were found to increase with increasing tensile yield strength 
while resistance to fatigue crack propagation generally decreased 
with increasing strength Author 


N79- 10061 *1 Mechanical Technology Inc Latham. N Y 

STUDY OF T63 ENGINE VIBRATION Final Report 
Thomas J Waite' Nov 1978 60 p refs 
(Contract NAS3 20609) 

(NASA CR- 135449 MTI-78TR66) Avail NTIS 

HC A04/MF A01 CSCL 21E 

Vibration characteristics for overhauled T53 engines including 
rejection tale, principal sources of vibration, and normal procedures 
taken by the overhaul center to reduce engine vibration are 
lummauzed Analytical and experimental data were compared 
to determine the eng.ne s dynamic response to unbalance forces 
with results showing that the engine operates through bending 
critical speeds Present rigid rotor balancing techniques are 
incapable of compensating for the flexible rotor unbalance A 
comparison of typical test cell and aircraft vibration levels disclosed 
significant differences in the engine s dynamic response A 
probable spline shift phenomenon was uncovered and investigated 
Action tems to control costs and reduce vibration levels were 
identified from analytical and experimental studies 8 B 
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N79 11042*# General Electric Co Cincinnati Ohio Aircraft 
Engine Gioup 

DEFINITION STUDY OF A VARIABLE CYCLE EXPERIMEN 
TAL ENGINE IVCEE) AND ASSOCIATED TEST PROGRAM 
ANO TEST PLAN Final Report. Sep 1977 Mai 1978 

R 0 Allan Oct 1978 198 p 
(Contract NAS3 208101 

(NASA CR 159419 R78AEG568I Avail NTIS 

HC A09/MF AO I CSCL 2 1 E 

The Definition Study of a Variable Cycle Experimental Engine 
IVCEEI and Associated Test Program and Test Plan was initiated 
to identify the moil cost effective program lor a follow-on to 
the AST Test 8ed Prog’am The VCEE Study defined venous 
subscale VCE s based on different available core engine compo 
nents. and a full scale VCEE utrlitmg current technology The 
cycles were selected preliminary design accomplished and 
program plans and engineering costs developed for several 
program optrons In addition to the VCEE program plans and 
options a limned effort was applied to identifying programs that 
could logically be accomplished on the AST Test Bed Program 
VCE to emend the uselulhess of this test hardware Component 
programs were provided that could be accomplished prior to 
the start of a VCEE program Author 


N79 11048‘f Detroit Diesel Allison Indianapolis Ind Flow 
Systems Group 

DETERMINING AND IMPROVING LABYRINTH SEAL 
PERFORMANCE IN CURRENT AND ADVANCED HIGH 
PERFORMANCE GAS TURBINES 

Harold L Stocker In AGARD Seal Technol in Gas Turbine 
Eng Aug 1978 22 p refs IFor pr . -nary document see N79 1 1056 
02 071 

(Contracts NAS3 20056 N00140 73 C 005 
N 00140 74 C 07591 

Avail NTIS HC A13/MF A01 CSCL 2 1 E 

Abradable and honeycomb lands were evaluated with a 
conventional straight through seal using a static two dimensional 
(rectangular flowpathl seal ng and a rotating three dimensional 
seal ng Test results show that some abradable lands leak 
significantly more than a solid smooth land However honeycomb 
lands were found to reduce leakage up to 24 percent Through 
aerodynamic testing an advanced design labyrinth seal was 
developed which reduced leakage 54 2 percent compared to a 
conventional straight through seal and 26 3 percent compared 
to a conventional stepped seal A R H 


N7B-12088*# General Electric Co Cincinnati Ohio 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM 
PHASE 3 TURBULENCE MEASUREMENT ADDENDUM 
Final Report 

J R Taylor Nov 1978 40 p rafs 
(Contract NAS3 197361 

(NASA CR 135422 R78AEG529I Avail NTIS 

HC A03/MF A0 1 CSCL 2IE 

Airflow turbulence parameters were measured in the high 
pressure high temperature flow stream leaving the compressor 
of an operating gas turbine engine A water cooled hot Film 
turbulence probe was used to determine the turbulence intensity 
and length scale m the compressor em flow stream of the 
CF6 50 engine Data were obtained only at idle operating 
conditions At engine power levels above idle conditions durability 
problems and erratic data readings were encountered wnh the 
turbulence measurement probes Turbulence measurements were 
made at three 'ad'al immersions at a point IS 5 cm down 
stream of the compressor outlet guide vanes in the compressor 
e«tl diffuser The passage height at this point is 5 54 cm Data 
reduction was accomplished with a time-data fast Fouriar 
transform IFFTI system This system finds the power spectral 
density distribution (PSD) of a large number of data samples 
using a direct Fourier transform algorithm ..nd finds the sulocor 
relation parameter for these data by doing an F FT analysis of 
the PSD curves for a senes of time delay intervals Author 


NTB1B04 B *| General Electric Co. Cincinnati. Ohio. Aircraft 
Engine Group 

DEFINITION STUDY FOR VARIABLE CYCLE ENGINE 
TEBTBED ENGINE ANO ASSOCIATED TEST PROGRAM 
fM Repin 

John W Vdovitk Nov 197S 112 p 
I Contract NAS3 206S2A) 

(NASA CR 159459 R7EAEG551) Avail NTIS 

HC AOB/MF A01 CSCL 21E 

The produd/study double bypass variable cycle engine IVCEI 
wet updated to incorporate recent improvements The effect of 
these improvements on mission range and noise levels was 
determined This engine design was then compered with current 
existing high-technology core engines in order to define a subecele 
testbed configure. »n that simulated many of the critical 
technology features of tr e product/ study VCE Detailed pretimmery 
program plans were then developed for the design, fabrication, 
end static test of the selected testbed engine configuration These 
puns included estimated coats snd schedules for tht detsil design 
fabrication and test of the testbed engine and the definition of 
a tec. program, test plan, schedule, metrumentation. and test 
stand requirements Author 


N7B- 130B0*| Pratt snd Whitney Aircraft Group. East Hartford. 
Conn Commercial Products Drv 

ANALYTICAL EVALUATION OF THE IMPACT OF BROAD 
SPECIFICATION FUELS ON HIGH BYPASS TURBOFAN 
ENGINE COMBUSTORS FImI Report 

R P Lohmsnn. E J. Scetela. ind A. Vrenos Dec 1978 161 p 
refs 

(Contract NA S3 20802) 

(NASA CR- 159454. PWA 5565-15) Avail: NTIS 

HC A08/MF A01 CSCL 21E 

The impact of the use of broad specification fuels on the 
design performance durability, amissions snd operational 
characteristics of combustors for commercial aircraft ges turbine 
•ngmet was assessed Single stage vorbrx and lean premixed 
prevtpomed combustors, in the JT9D and sn advanced energy 
efficient engine cycle warn evaluated when operating 4n Jet A 
and ERBS (Experimental Raferse Broad Specification) fuels Design 
modifications, based on entena evolved from a literature survey, 
were introduced and thair effectiveness et offsetting protected 
deficiencies resulting from the use of ERBS was estimated The 
results indicate that the use of • broad specification fuel such 
as ERBS. writ necessitate significant technology improvements 
and redesign if detariorated performance durability snd amissions 
are to be avoided Higher radiant heat loads are protected to 
seriously compromise liner life while the reduced thermal stability 
of ERBS will require revisions to the engine airframe fuel system 
to reduce the thermal atresa on the fuel Smoke and emissions 
output art proiacted to increase with the uae of broad specification 
fuels While the basic geometry of the single stage and vorbrx 
combustors §■» compatible with the use of ERBS. extensive 
redesign of the front end of the lean premised prevapomed 
burner will be required to achieve satisfactory operation and 
optimum amissions G G 


N79 15053*# General Electric Co Evrndale Ohio Aircraft 

Engine Business Group 

ANALYSIS AND PRELIMINARY DESIGN OF AN OPTICAL 
DIGITAL TIP CLEARANCE SENSOR FOR PROPULSION 
CONTROL 

G L Poppel Sep 1978 28 p 
IContracI NAS3 210061 

INASA CR 159434 R78AEG518I Avail NTIS 

HC A03 MF A01 CSCL 2 IE 

Following the gene’ation ol several concepts for pa.srve 
digital compatible optical sensors for propulsion control systems 
a I'D clearance sonsnr was chosen to* turlhoi analysis and 
preliminary design ( mpliaS'S w as pi. icon on Application t< ilic 
TF34 engine compiessur section Latnlraimy experiments -ve'e 
performed to nvesl gaie several Ophcjl aspects of the con* *pt 
Pielimmary design included an assessment of all sensor elements 
end recommendations tor development programs Quantitative 
predictions writ marie of sensor performance A test plan was 
wntlen to demonstrate sensor feasibility and that the perform 
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•nee goals can be met A continuing experimental and design 
effort was suggested Author 


N 79 -16860’# Pratt and Whitney Aircraft. East Hartford. Conn 

ENERGV EFFICIENT ENGINE: PROPULSION SYSTEM- 

AIRCRAFT INTEGRATION EVALUATION Topic*! Report. 
Mar. 1978 - Sop 1978 

R E Owens Mar 1979 311 p refs 
(Contract NAS3-20646) 

(NASA-CR- 159488 PWA-5594 481 Avail: NTIS 

HC A14/MF A01 CSCL21E 

Flight performance and operating economics of future 
commercial transports utilizing the energy efficient engine were 
assessed as well as the probability of meeting NASA's goals 
for TSFC. DOC. noise, and amissions Results of the initial 
propulsion systems aircraft integration evaluation presented 
include estimates of engine performance, predictions of fuel burns, 
operating costs of the flight propulsion system installed in seven 
selected advanced study commercial transports, estimates of noise 
and emissions, considerations of thrust qrowth. and the 
achievement-probability analysis A R H. 


N79-16B63*# United Technologies Rese rch Center. East 
Hartford. Conn 

STUDY OF MEAN- AND TURBULENT VELOCITY FIELDS IN 
A LARGE SCALE TURBINE VANE PASSAGE Final Report 

Douglas A Bailey Feb 1979 123 p refs 
(Contract NAS3- 19752) 

(NASA CR 3067) Avail NTIS HC AG5/MF A01 CSCL21E 
Laser Doppler velocimetry. and to a lesser extent hot-wire 
annmometry. were employed to measure three components of 
the mean velocity and the Six turbuljnt stresses at four planes 
within the turbine mlet-guide-vane passage One variation in the 
turbulent inlet boundary layer thickness end one variation in the 
blade aspect ratio Ispan/axial chord) were studied A longitudinal 
vortex (passage vortex) was clearly identified in the exit plane 
of the passage for tne three test cases The maximum turbulence 
intensities within the longitudinal vortex were found to be on 
the order of 2 to 4 percent with large regions appearing 
nonturbulent Because a turbulent wall boundary layer was the 
source of vorticity that produced the passage vortex, these low 
turbulence levels were not anticipated For the three test cases 
studied the lateral velocity field extended significantly beyond 
the region of the longitudinal velocity defect Changing the inlet 
boundary layer thickness produced a difference in the location, 
the strength, and the extent of the passage vortex Changing 
the aspect ratio of the blado passage had a measurable but 
less significant effect The experiment was performed in a 210 mm 
pitch 272 mm axial chord model m low speed wind tunnel at 
an inlet Mach number of 0 07 A R H 


N79 ''7867*|(i P'att and Whitney Aircraft Group. West Palm 
Beach Fla Government Products Div 

DESIGN FABRICATION AND SPIN TESTING OF CERAMIC 
BLAOE METAL DISK ATTACHMENT Final Report 

Glenn Calved Feb 1979 152 p 
(Contract NAS3 19715) 

INASA CR 159532. FR- 101 79) Avail NTIS 

HC A08/MF A01 CSCL21E 

A ceramic turbine blade metal disk attachment was designed 
for small non man rated turbine engine applications The selected 
design consisted of a hot pressed silicon nitride blade having a 
skewed dovetail attachment with a con pliant interlayer between 
the disk and the blade Two dimensional and three dimensional 
analyses predicted that Me goals could De achieved, considering 
bo'h NOE limitations and cack growth rales lor the ceramic 
material Twenty ceramic blades were lubricated to closely held 
manufacturing toleiances New fracture mechanics data at 
elevated temperature are presented S E S 


N79 17858*# Hamilton Standard Windsor Locks Cnnn 

INTERACTIVE MULTI MODE BLADE IMPACT ANALYSIS 
Final Reoort. Jan 1976 - Aug 1977 and Feb 1978 Aug 
1978 

A Aleiandei and H W Cornell Aug 1978 301 p rets 
ICondect NAf3 200911 

(NASA CR 159462) Avail NTIS HC AI6/MF A01 CSCL 
? 1 E 

The theoretical methodology used m developing an analysis 
lor the response ol turbine engine Ian blades subjected to soft body 
(bird! in pacts is reported and the computer program developed 
using this methodology as its basis is described This computer 
program is an outgrowth ol two programs that were previously 
developed lor the purpose ol studying problems ol a similar 
natu.e (a 3 mode beam impact analysis and a multi mode beam 
impact analysisl The present program utilises an improved missile 
model that is interactively coupled with blade motion which is 
moie consistent with actual observations I: takes into account 
local deformation at the impact a'ca blade camber ellects. and 
the spreading ol the impacted missile mass on the blade surface 
In addition it accommodates plate type mode shapes The analysis 
capability in this comnulei program represents a significant 
impiovement in the development ol the meinodoloyv lo' evaluating 
potential Ian blade malenjls and designs w in regard lo loreign 
object impact resistance S E S 


N7* 18978*# Shaker Research Corp . Ballston Lake N. Y 
TURBOJET BLAOE VIBRATION DATA ACQUISITION 
DESIGN ANO FEASIBILITY TESTING Final Report 

J L Frarey. N J Petersen (Amherst Systems), and D. A. Hass 
Nov 1978 72 p 
(Contract NAS3 21.115) 

(NASA CR 159505. SRC-78-TR-36) Avail NTIS 

HC A04/MF A01 CSCL 21E 

A turbojet blade vibration data acquisition system was 
designed to ellow the measurement of blade vibration The data 
acquisition system utilizing 96 microprocessors to gather data 
from optical probes, store, sort and transmit to the central 
computer is described Areas of high technical risk were identified 
and • two microprocessor system was breadboarded and tasted 
to investigate these areas Results show mat the system was 
feasible and that low technical risk would be involved in proceeding 
with the complete system fabrication SE S 


N79 18977*# Naval Air Propulsion Test Center Trenton, NJ 

ROTOR FRAGMENT PROTECTION PROGRAM STATIS 
TICS ON AIRCRAFT GAS TURBINE ENGINE ROTOR 
FAILURES THAT OCCURRED IN US COMMERCIAL 
AVIATION DURING 1S7B Final Report. 1B76 1976 

R A DeLucia and J T Salvino Jul 1978 30 p 
INASA Or.dar C 41581 B| 

(NASA CR 159474 NAPC-PE 91 Avail NTIS 

HC A03/MF A0 1 CSCL 21E 

Statistical information relating to the numbei of gas turbine 
engine rotor failures which occurred during 1976 in commercial 
aviation service use is presented The predominant failure involved 
blade fragments. 88 percent of which weie contained Although 
fewer rotor rim disk and seal failures occurred all were 
uncontamed Sixty-seven percent of the 166 rotor failures occurred 
dunng the takeoff end climb stages ol flight S E S 


N79- 18978*# General Electric Co. Philadelphia Pa 

CONTAINMENT OF COMPOSITE FAN SLADES Quay 
tarty Progress Report. 1 Apr 30 Jun. 1977 
A P Coppe and C L Stotler 1977 15 p 

(Contract NAS3 201181 

(NASA CR-158168 QPR 4, R77AEG450I Ava l NTIS 
HC A02/MF A0 1 CSCL 2 1 E 

The development of containment concepts lor use with laige 
composite tan blades taking into account the (tangible nature 
of composite blades is considered Aspects of the development 
program include (II an analysis to predict the interaction between 
a tailed fan blade and tha blade containment structuie (2) scaling 
factors to allow impact tasting using subscale containment rings 
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and simulated blades. (3) the design and fabrication of containment 
systems for further evaluation in a rotating ng test facility. 
(41 evaluate the test data against the analytically predicted results, 
and IS) determine overall systems weights and design characteris- 
tics of a composite fan stage installation and compare to the 
requirements of an equ.. slant titanium fan blade system Progress 
in the blade impact penetration tests and the design and fabrication 
of blade containment systems is reported J M S. 


N79-201 16*| Pratt and Whitney Aircraft Group. East Hartford. 
Conn Commercial Products Div 

JT80 AND JT90 JET ENGINE PERFORMANCE IMPROVE- 
MENT PROGRAM. TASK 1: FEASIBILITY ANALYSIS 

Final Report. Feb. - Dec. 1977 

W 0 Gaffm and D E Webb Apr 1979 227 p refs 
(Contract NAS3-20630) 

(NASA-CR- 159449. PWA 5518-38) Avail. NTIS 

HC A1 1/MF A01 CSCL 21E 

JT80 and JT9D component performance improvement 
concepts which have a high probability of incorporation into 
production engines were mdentified and ranked An evaluation 
method based on airline payback period was developed for the 
purpose of identifying the most promising concepts. The method 
used available test data and analytical models along with 
conceplual/prelimmary designs to predict the performance 
improvements, weight, installation characteristics, cost for new 
production and retrofit, maintenance cost, and qualitative 
characteristics of candidate concepts These results were used 
to arrive at the concept payback period, which is the time required 
for an airline to recover the investment cost of concept 
implementation GY. 


N79-201 1 7“# General Electric Co.. Evendale. Ohio Aircraft 
Engine Group 

THEORY OF LOW FREQUENCY NOISE TRANSMISSION 
THROUGH TURBINES Final Report 
R K Matta and R Mani Mar 1979 153 p refs 
(Contract NAS3-20027) 

(NASA-CR 159457. R77AEG570) Avail NTIS 

HC A08/MF AO I CSCL 2 IE 

Improvements of the existing theory of low frequency noise 
transmission through turbines and development of a working 
prediction tool are described The existing actuator-disk model 
and a new finite-chord model were utilized in an analytical study 
The interactive effect of adjacent blade rows, higher order 
spinning modes blade passage shocks, and duct area variations 
were considered separately The improved theory was validated 
using the data acquired in an earlier NASA program Computer 
programs incorporating the improved theory were produced for 
transmission loss prediction purposes The programs were 
exercised parametrically and charts constructed to define 
approximately the low frequency noise transfe through turbines 
The loss through the exhaust nozzle and flow(s) was also 
considered Author 


N79-21073*J|I Detroit Die .el Allison. Indianapolis Ind 

STUDY OF AN ADVANCED GENERAL AVIATION TURBINE 
ENGINE (GATE) Final R .port 

J C Gill. F R Shod O V Staton. 8 A Zolezzi. C E Curry. 
M J 0 . J M Vaught, and J M Humphrey 10 Apr 
1979 147 p refs 
(Contract NAS3-20756I 

(NASA CR 159558 DDA EDR 95281 Avail NTIS 

HC A07/MF A0 1 CSCL 21E 

The best technology progrcm lor e small, economically viable 
gas turbine engine applicable to the general aviation helicopter 
and aircraft market tor 1985 1990 was studied Turboshah and 
turboprop engines in the 112 to 746 kW (150 to 1000 hp) 
range and turbofan engines up to 6672 N (1500 Ibf) thrust 
were considered A good market for new turbine engines was 
predicted for 1988 providing aircraft are designed to capitalize 
on the advantages of the turbine engine Parametric engine families 
were defined in terms of design and off design performance 
mass, and cost These were evaluated in aircraft design 


missions selected to represent important market segments for 
fixed and rotary-wing applications Payoff parameters influenced 
by angina cycle and configuration changes were aircraft gross 
mass acquisition cost, total cost of ownership, and cash flow 
Significant advantage over a current technology, small gas turbine 
engines was found especially in cost of ownership end fuel 
economy for airfiames incorporating an air-cooled high-pressure 
ratio angina A power class of 373 kW (500 hpl was recommended 
as the next frontier for technology advance where large 
improvements in fuel economy and engine mass appear possible 
through component research and development S.E.S. 


N79-21074*/jl General Electric Co . Cincinnati. Ohio. Aircraft 
Engine Group 

CFB JET ENGINE PERFORMANCE IMPROVEMENT PRO- 
GRAM TASK 1: FEASIBILITY ANALYSIS Final Report 

W A Faschmg Mar 1979 3Xi p refs 
(Contract NAS3 20629) 

(NASA-CR- 159450: R79AEG295) Avail: NTIS 

HC A13/MF A01 CSCL 21E 

Technical and economic engine improvement concepts 
selected for suosequent development include !1) fan improve- 
ment: (2) short core exhaust. (3) HP turbine aerodynamic 
improvement. (4) HP turbine roundness control: (5) HP turbine 
active clearance control, and 16) cabin air recirculation. The fuel 
savings for the selected engine modificat:or. concepts for the 
CF6 fleet are estimated S.E.S. 


N79-21076*j|l Ford Motor Co. Dearborn. Mich. Research 
Staff 

EVALUATION OF CERAMICS FOR STATOR APPLICATION: 
GAS TURBINE ENGINE REPORT Progreea Report. 1 Fob 
1978 31 Jul. 1978 

W Trela and P H Havstad Nov 1978 36 p refs Prepared 
for DOE 

(Contract DEN 3 000191 

(NASA CR 159533. DOE/NASA/O0 1 9-7 8/ 1 ) Avail NTIS 
HC A03/MF A01 CSCL 21E 

Current ceramic materials component fabrication processes, 
and reliability prediction capability for ceramic stators ir. an 
automotive gas turbine engine environment are assessed 
Simuiateo engine duty cycle testing of stators conducted at 
temperatures up to 1093 C is discussed Materials evaluated 
are SiC and S<3N4 fabricated from two near-net-shape processes 
slip casting and injection molding Stators for durability cycle 
evaluation and test specimens for material property characteriza- 
tion and reliability prediction model prepared to predict stator 
jzerformance in the simulated engine environment are considered 
The status and description of the work performed for the reliability 
prediction modeling statoi fabrication material property character- 
ization. and ceramic stator avaluation efforts are reported J.M.S. 


N79 21076*# Pratt and Whitney Aircraft Group. East Hartford. 
Conn 

JTBD REVISED HIGH PRESSURE TURBINE COOLING AND 
OTHER OUTER AIR SEAL PROGRAM 

W 0 Gaffm 20 Mar 1979 59 p refs 
(Contract NAS3 20630) 

(NASA CR 159551. PWA-551S-77) Avail NTIS 

HC A04/MF A01 CSCL 21 E 

The JT8D high pressure turbine was revised to reduce leakage 
between the blade tip shrouds and the outer air seal, and engine 
testing was performed to determine the effect on performance 
The addition ol a second knife edge on the blade tip shroud, 
the extension of the honeycomb seal land to cover the added 
knife edge and an existing spoiler on the shroud, end a material 
substitution in the seal Support ring to improve Ihormul growth 
characteristics are included A relocation of the blade cooling 
eir discharge tc insure adequate cooling flow is required 
Significant specific fuel consumption and exhaust gas temperature 
improvements were demonstrated with the revised turbine in 
sea level and simulated altitude engine tests Inspection of the 
revised seal hardware after these tests showed no unusual wear 
or degradation S E S 
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N79 23064*# Pran end Whnnay Aircrttt Group. East Hanford. 
Conn Commercial Products Div 

VARIABLE CYCLE ENGINE TECHNOLOGY PROGRAM 
PLANNING AND DEFINITION STUDY Final Repc.t 
J S Weatmoraland and A M Siam Sap 1878 89 p 
(Contract NAS3-2081 II 

(NASA-CR 169539. PWA-5581-12) Avail NTIS 

HC A05/MF A01 CSCl 21E 

The variable atraam control angina. V5CE 5028 was aalactad 
aa tha bata angtno. with tha mvanad flow angina concept aalactad 
aa a backup Cn.ical component tachnoiogiaa ware identified, 
and tachnologv programs were formulated Several angina 
configurations wars defined on a preliminary basis to serve aa 
demonetration vehicles for tha various technologies Tha dif- 
ferent configurations present compromises in cost, technical risk, 
and tachnologv return Plans for possible variably cycle engine 
technology programs wars formulated by synthesizing tha 
technology raquiraments with tha different demonstrator 
configurations J.M.S 


N78 23 065*f Pratt and Whitnay Aircraft Group. East Hartford. 
Conn 

STUDY OF BLADE ASPECT RATIO ON A COMPRESSOR 
FRONT STAGE AERODYNAMIC AND MECHANICAL 
DESIGN REPORT 

G D Burger C. Lac. and D W Snow Mar 1 9 1 9 84 p refs 
(Contract NAS3 20809) 

‘NASA CR 159555. PWA 5583 25) «vail NTIS 

HC A05/MF A01 CSCL 2 1 F 

A singlj stage compressor was designed with the intent of 
demonstrating that for a tip speed and hub- tip ratio typical of 
an advanced core compressor front stage the use of low aspect 
ratio can permit high le"els of blade loading to be achieved at 
an acceptable level of efficiency The design pressure ratio is 
1 8 at an adiabatic efficiency of 88 5 percent Both rotor and 
stator have multiple circular-arc airfoil seefons Variable IGV and 
stator vanes permit low speed matching adjustments The design 
incorporates an inlet duct representative of an engine transition 
duct between fan and high pressure compressor S E S 


N79-23970*# General Electric Co Cincinnati Ohio Aircraft 
Engine Group 

FABRICATION OF J79 BORON/ ALUMINUM COMPRESSOR 
BLADES Fine 1 Report. Apr 1976 Jun. 1978 
J W Brantley and R G Stabrylla May 1979 74 p refs 
(Contract NAS3- 189431 

(NASA-CR- 159566. H79AEG388) Avail NTIS 

HC A04/MF A0 1 CSCL 2 IE 

A total of 81 boron/ aluminum first stage compressor blades 
were developed The processing of the blades and the senes 
designs established for various types of blade tests are de 
senbed S E S 


N79 25017*1 Williams Research Corp Walled Lake Mich 

ADVANCED GENERAL AVIATION TURBINE ENGINE 
(GATE) CONCEPTS Final Report 

E J Lays and G L Mjrray 26 Jun 1979 18’ o refs 

(Contract NAS3 20758) 

(NASA CR 159603 WRC78U3 15I Avail NTIS 

HC A09/MF AO 1 CiCl 2 1 E 

Concepts a>e discussed that protect tuibme engine cost 
savings through use of geometrically constrained components 
designed lor low rotational speeds and low stress to permit 
manufacturing economies Aerodynamic development of geomet- 
rically constrained components is recommended to minmirt 
component efficiency Conceptual engines a-tpiane applications 
airplane performance engine cost and engine related Me cycle 
costs are presented The powerplants ptoposr’d offer encourage 
ment with respect to fuel elhciency f life cycle costs and 
make possible remarLable airplane performance gains M M M 


N79 2601B*# Solar Turbinas International San Oiego. Calif 
INTERNALLY COATED AIR-COOLED GAS TURBINE 
BLADING Final Report, Aug 1S77 - Dec 1978 
L Hau. W G Stevens and A R Stetson Mar 1979 102 p 

rail 

(NASA CR 159574 SR79 R 4655 15) Avail NTIS 

HC A06/MF AOt CSCL 2 IE 

Tan candidate modified mckal-alummida coalings ware 
developed using the slip peck process These coetmgs contain 
additives such as silicon chromium and columbium in a 
nickel aluminum coating matn« with directionally solidified 
MAR-M200 - Ht as the substrata alloy Following a series of 
screening tests which included strain tolerance, dynamic oxidation 
and hot corrosion tasting the Ni - 19A1- ICb (nominal composition) 
co".i. was salectad for application to tha internal passages ol 
it stage turbine blades Process development results 
a that a dry pack process is suitable lor internal coating 
cation resulting in 18 percent or less reduction in air flow 
vwratmg uniformity, based on coated air-cooled blades was within 
+ or - 20 percent Tes> results show that the o'esence of 
additives (silicon, chromium or columbium) appeared to improve 
significantly the ductility of the NiAl matrix However, the 
environmental resistance of these modified nickel alumm.des were 
generally inferior to tha simple alumimdes A R H 


N79 26020*| General Electric Co . Cincinnati. Ohio Aircraft 
Engine Group 

DESIGN STUDY AND PERFORMANCE ANALYSIS OF A 
HIGH SPEED MULTISTAGE VARIABLE GEOMETRY FAN 
FOR A VARIABLE CYCLE ENGINE Final Report 

T J Sullivan and 0 E Parker Mar 1979 228 p refs 
(Contract NAS3-20041 R79AEG288) 

(NASA-CR - 1 59545) Avail NTIS HC A11/MF A01 CSCL 
2 1 E 

A design technology study was performed to identify a high 
spaed multistage variable geometry fan configurahon capable 
of achieving wide flow modulation with near optimum efficiency 
at the important operating condition A parametric screening study 
of the front and rear block Ians was conducted in which the 
influence of major tan design features on weight and efficiency 
was determined Key design parameters were varied systematic- 
ally to determine the fan configuration most suited for a dou >le 
bypass variable cycle engine Two and three stage fans wire 
considered foi tha front block A single stage core driven lan 
was studied foi the rea' block Venable geometry concepts were 
evaluated to provide near optimum off design performance A 
detailed aerodynamic design end e preliminary mechanical design 
were carried out for the selected fan configuration Performance 
predictions ware made for tha front and rear block fans Author 


N79-26066*| Pratt and Whitney Aircraft Group East Hartford. 
Conn 

ROTOR REDESIGN FOR A HIGHLY LOADED 1800 FT/SEC 
TIP SPEED FAN 1 AERODYNAMIC AND MECHANICAL 
DESIGN REPORT 

J M Norton. U Tan. and R M Weber Api 1979 104 p 

lefs 

(Contract NAS3 205911 

(NASA CR 159596. PWA 5523 42) Avail NTIS 

HC A06/MF A01 CSCL 2 IE 

A quasi three dimensional design syslem and multiple-circular- 
a'C airfoil sections were used to design a fan rotor An 
axisymmetuc mtrablade How field calculation modeled the thioud 
ol an isolated splitter and isdial distribution The structural analysis 
indicates that the design is satisfactory (or evaluation of 
aerodynamic performance of tha Ian stage m a last facility 

SE S 


N79 30186*| Piatt and Whitney Aircraft Group. East Hartford. 
Conn 

AERODYNAMIC AND ACOUSTIC INVESTIGATION OF 
INVENTED VELOCITY PROFILE COANNULAR l (HAUST 
NOZ2LE MODELS AND DEVELOPMENT OF AERODYNAMIC 
AND ACOUSTIC PREDICTION PROCEDURES. COMPRE- 
HENSIVE DATA REPORT. VOLUME 1 
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Richard S Larson. Douglas P Nation, and Bradley S Stavant 
Jun 1979 312 p 2 Vol 
I Coni rad N A S3 200611 

INASA-CR-159515. PWA 5550 1 6 Vol- 1) Avail NTIS 
HC A14/MF A01 CSCL 2 1 f 

Tha experimental data necessary io establish aerodynamic 
and acoustic prediction systems lor coannular exhaust nozzles 
with inverted velocity profiles are presented in giaphical form 

*i ES 


N79 30186’# Pratt and Whitney Aircraft Group. East Hartford. 
Conn 

AERODYNAMIC AND ACOUSTIC INVESTIGATION OF 
INVERTED VELOCITY PROFILE COANNULAR EXHAUST 
NOZZLE MODELS AND DEVELOPMENT OF AERODYNAMIC 
AND ACOUSTIC PREDICTION PROCEDURES. COMPRE- 
HENSIVE DATA REPORT. VOLUME 2 

Richard S Larson. Douglas P Nelson and Bradley S Stevens 
Jun 1979 225 p rel* 

(Contract NAS3 2006 1 1 

INASA CR 159516. PWA 5550- 1 7- Vol-2) Avail NTIS 
HC A 10/ MF AOI CSCL 21E 

The experimental data necessary to establish aerodynamic 
and acoustic prediction systems lor coannular exhaust nozzles 
with inverted velocity profiles are presented in tabular lorm The 
acoustic data are corrected to a theoretical day and scaled to 
lull engine size RES 


N79 30189*# Pratt and Whitney Aircraft Group East Hartford 
Conn Commercial Products Div 

ENERGY EFFICIENT ENGINE FLIGHT PROPULSION 
SYSTEM PRELIMINARY ANALYSIS AND DESIGN REPORT 
Progress Report. Mar 1978 Feb 1979 

W B Gardner Apr 1979 480 p rels 
(Contract NAS3-20646I 

(NASA CR 159487. PWA 5594-491 Avail NTIS 

HC A21/MF AOI CSCL 2 1 E 

A Might propulsion system preliminary design was established 
that meets the program goals ol at least a 12 percent reduction 
in thrust specific fuel consumption at least a five percent reduction 
in direct operating cost and one hall the performance deterioration 
rate ol the mo»t efficient curient commercial engines The engine 
provides a high probability of meeting the 1978 noise rule goal 
Smoke and gaseous em.ssions defined by the EPA proposed 
standards for engines newly certified after 1 January 1981 are 
met with the exception of NOx. despite incorporation of all known 
NOx reduction technology F 0 S 


N79 31207*# General Electric Co Cincinnati Ohio 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM (ECCPI. 
PHASE 3 Final Report 

C C Gleason and D W Baht 1 Jun 1979 201 p ref' 
(Contract NAS3 197361 

(NASA CR 135384 R79AEG410I Avail NTIS 

HC AIO/MF AOI CSCL 2 1 E 

A double annular advanced technology combustor with low 
pollutant emission levels was evaluated in a senes of CF6 SO 
engine tests Engine lightoff was readily obtained and no difficulties 
were encountered with combustor staging Engine acceleration 
and deceleration were smooth responsive and essentially the 
same as those obtainable with the CF6-50 combustor The 
emission reductions obtained in carbon monoxide hydrocarbons 
and nitrogen oxide levels were 55 95 and 30 percent 

respectively, at an idle powei setting of 3 3 percent of takeoff 
power on an EPA parameter basis Acceptable smoke levels 
were also obtained The exit temperature distribution of the 
combustor was found to be its maioi performance deficiency In 
all other important combustion system performance aspects the 
combustor was found to be generally satisfactory K L 


N79 31212*1 United Technologies Corp East Hartford. Conn 

AERODYNAMIC AND ACOUSTIC INVESTIGATION OF 
INVERTED VELOCITY PROFILE COANNULAR EXHAUST 
NOZZLE MODELS AND DEVELOPMENT OF AERODYNAMIC 
ANO ACOUSTIC PREDICTION PROCEDURES Final 
Report 

Richard S Lenon. Douglas P Nelson and Bradley S. Stevens 
Washington NASA Aug 1979 223 p refs 
(Contract NAS3 700611 

INASA CR 3168 PWA-5550-8) Avail NTIS 

HC AIO/MF AOI CSCL 21E 

Five co annular nozzle models, covering a systematic variation 
of nozzle geometry, were tested statically over a range of exhaust 
conditions including inverted velocity profile II VP) (fan to primary 
stream velocity ratio * 1) and non IVP profiles Fan nozzle pressure 
ratio (FNPRI was varied from 1 3 to 4 1 at primary nozzle pressure 
ratios IPNPRI of 1 53 and 2 0 Fan stream temperatures of 
700 K (1260 deg R) and 1089 KII960 deg R) were tested 
with primary stream temperatures of 700 K (1260 deg Rl. 
811 K (1460 deg Rl and 1089 K (1960 deg R) At fan and 
primary stream velocities of 610 and 427 m/sec (2000 and 
1400 ft/ seel, respectively, increasing fan radius ratio from 0 69 
to 0 83 reduced peak perceived noise level (PNLI 3 dB and an 
increase in primary radius r no from 0 to 0 81 (fan radius ratio 
constant at 0 83) reduced peak PNL an additional 10 dB 
There were no noise reductions at a fan stream velocity o< 
853 m/sec (2800 ft/sec) Increasing fan radius ratio from 0 69 
to 0 83 reduced nozzle thrust coefficient 1 2 to 1 5% at a PNPR 
of 1 53. and 1 7 to 2 0% at a PNPR of 2 0 The developed 
acoustic prediction procedure collapsed the existing data with 
standard deviation varying from « or - 6 dB to * or ■ 7 dB 
The aerodynamic performance prediction procedure collapszd 
thrust coefficient measurements to within ♦ or - 004 at a 

FNPR of 4 0 and a PNPR of 2 0 Author 


N79 32211*| Pratt and Whitney Aircraft Group. East Hartford. 
Conn Commercial Products Oiv 

LEAN. PREMIXEO. PREVAPORIZEO FUEL COMBUSTOR 
CONCEPTUAL DESIGN STUDY Final Report 

A J Fiorentmo. W Greene, and J Kim Washington NASA 
Aug 197S 63 p refs 
(Contract NAS3 21256) 

(NASA CR 159647 PWA 5626-12) Avail NTIS 

HC A04/MF AOI CSCL 2 1 E 

Four combustor concepts designed for tha energy efficient 
engine utilize variable geometry or other flow modulation 
techniques to control the equivalence ratio of the initial burning 
zone Lean conditions are maintained at high power to control 
oxides of nitrogen while near stoichometnc conditions are 
maintained at low power for low CO and THC emissions Each 
concept was analyzed and ranked for its potential in meeting 
the goals of the program Although the primary goal of the 
program is a low level of nitric oxide emissions at stratospheric 
cruise conditions both the ground level EPA emission stsnderds 
and combustor performance and operationa- requirements typical 
of advanced subsonic aircraft engines are retained as goals as 
well Based on the analytical protection^ made, two of the concepts 
offer the potential of achieving the- amission goals, however, 
the protected operational characteristics and reliability of any 
concept to perform satisfactorily ovar an entire aircraft flight 
envelope would require extensive experimental substantiation 
before engine adaptation can be considered A R H. 


N78 32212*# Cincinnati Univ Ohio Dept of Aerospace 
Engineering end Applied Mechanics 

FLOW IN NONROTATING PAMAOEE OF RADIAL INFLOW 
TURBINES 

E Beskharone A Hemeo and W Tabekoff Sep 1979 104 p 

refs 

(Grant NiG 30661 

INA* R 1596791 Avail NTIS HC A06/MF AOI CSCL 
?ll 

; analysis of urotational incompressible flow field in tha 
sta jr unit of a redial inflow turbine is presented The solution 
in the combined scroll nozzle assembly is complicated by tha 
domain geometry and by its mulliconnactivity This model is 
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necessary however in O'd •' to provide • better understanding 
of th« mutual infraction affacta of thaaa two componanta on 
the flow fiald Tha finite alamant method ia uaad in the solution 
which ia limited to the two dimanaional caaa A aubat'uctunng 
technique ia adopted in the computational procedure and results 
in conaidaiabla savings in both computer time and core atorage 
requirements Tha raaulta are praaontad for tha flow velocity 
magnitude and direction in tha acroli and through tha varioua 
nozzles. for two noula blade geometnea In addition, tha maaa 
flow ratea m tha different nozzles are computed and thair deviations 
from tha mean value determined Author 


A79-26925 ’ » Reduction of rotor-turbulence interaction 
noise in static fan noise testing. R. A. Kantola and R. E. Warren (GE 
Corporate Hesearch and Development Center, Schenectady. N.Y.). 
American Institute of Aeronautics and Astronautics , Aeroacoustics 
Conference. 5th. Seattle. Wash. Mar. 12 14. 1979. Paper 79 0656. 
18 p. 22 refs. Contract No. NAS3 17853. 

Three effective inlet cleanup methods are described A flared 
reverse cone inlet is used to eliminate wakes from tha fan casings 
and/or probe supports. Boundary layer suction is employed ahead of 
the fan rotor and on the outer flare of the cone to reduce the 
boundary layer turbulence and remove any residual wakes. To 'educe 
the midstream turbulent intensity and length scales, a turbulence 
control structure is used which is constructed with both a layer of 
honeycomb and a fine mesh screen. The effects of these cleanup 
methods are quantified by measuring the fat field noise in an ane 
choic chamber, using a high speed 20-m -diam tan of the current high 
passband type. The changes in the turbulent field impinging on this 
rotor are quantified by mapping the streamwise and transverse turbu- 
lent properties (spectra, intensity and length scalel with crossed hot 
film probes. It >s convincingly shown that it is possible to clean up 
the inlet flow of a stave fan noise test facility 10 a point where the 
static acouttic data simulate flight data. S O. 


A79-36737 * Concepts for reducing exhaust emissions and 

fuel consumption of the aircraft pi*ton engine B J Rezy. K J. 
Stuckas, J R Tucker, and J E. Meyers (Teledyne Continental 
Motors, Mobile, Ala). Society of Automotive Engineers. Business 
Aircraft Meeting and Exposition, Wichita. Kan . Apr 3-6, 1379. 
Paper 79060S 35 p. 23 rets. Research supported oy tne Teiedyne 
Continental Motors. Contracl No NAS3- 19755 

A study was made to educa exhaust emissions and fuel 
oonsumpt n of a general aviaton aircraft piston engine by applying 
known technology Fourteen promising concepts such as stratified 
charge combustion chambers, cooling cylinder head improvements, 
and ignition system changes were evaluated for emission reduction 
and cost effectiveness A combination of three concepts, improved 
fuel infection system, improved cylinder head with exhaust port 
liners and exhaust an infection was projected as the most cost 
effective and sale means of meeting the EPA standards for CO. HC 
and NO The fuel economy improvement of 4.6% over a typical 
single engine aircraft flight profile does no: though fustify the added 
oust of the three concepts, and significant reductions in fuel 
consumption must be applied to the cruise mode wheie most of the 
fuel is used. The use of exhaust air infection in combination witfi 
exhaust port liners reduces exhaust valve stem temperatures which 
can result in longer valve guide life. The use of exhaust port liners 
alone can reduce engine cooling an requirements by 1 1% which is the 
equivalent ol a 15% increase in propulsive power The EPA 
standards for CO. HC and NO Can be mcl in the 10 520 engine using 
air infection alone or the Simmonds improved fuel infection system 

AT. 


A79-36749 * A review of Curtiss Wright rotary engine 

developments with respect to general aviation potential C Jones 
iCurnss Wnghi Corp Wood Ridge. N.J ) Soi'ety ot Automotive 
Engineers. Business Aircraft Meeting and E xposition. Wichita. Kan , 
Apr 36. 1979. Paper 790621. 23 p 21 refs Contracts No. 
NAS3-20030. No NAS3 20808 


Aviation related rotary (Wankel-lyoe) engine tests, possible 
growth directions and relevant developments at Curtiss-Wright have 
been reviewed. Automotive rotary engines including stratified charge 
are described and flight test results of rotary aircraft engines are 
presented. The current 300 HP engine prototype shows basic 
durability and competitive performance potential. Recent parallel 
developments have separately confirmed the geometric advantages of 
the rotary engine for direct injected unthrottled stratified charge. 
Specific fuel consumption equal to or better than pre- or swirl- 
chamber diesels, low emission and multi-fuel capability have been 
shown by rig tests of similar rotary engine. A T . 


A7 9 3 9035 * 4 Lean stability augmentation for pram. rung, 

prevaporizing combu.tors. J. B McVey and J B. Kennedy (United 
Technologies Research Center. East Hartford, Conn.). AIAA, SAE. 
and ASMS. Joirt Propulsion Conference. 15th. Las Vegas. Nev . June 
18 20. 1979. AIAA Paper 79-1319 12 p 5 refs Contract No. 
-IAS3 20804 

An experimental program was conducted to investigate tech- 
niques for improving the lean combustion limits of premtxing. 
prevapotiziny combustors applicable to gas turbine engine main 
burners. Augmented flameholders employing recessed perforated 
plates, catalyzed tube bundles, and configurations in which pilot fuel 
was injected into the wakes of V gutters or perforated plates were 
designed and tested Stable operation of the piloted designs was 
achieved at equivalence tabos as low as 0 25. NOx emissions of less 
than 10 g/kg at simulated turbine engine cruise conditions were 
obtained. A piloted perforated p'ate employing four percent pilot 
fuel flow produced the best performance while meeting severe NOx 
constraints. (Author) 


A79-40483 * X Causes of high pressure compressor deteriora- 
tion in service. J. H. Richardson, G. P. Sallee, and F. K. Smakula 
(United Technologies Corp., Prat’ and Whitney Aircraft Group. East 
Harttord, Conn.) AIAA. SAE, and ASME, Joint °ropulsion Confer- 
ence. 15th . Las Vegas. Kiev.. June 18-20. 1979, AIAA Paper 79-1234. 
8 c ' .ract No NAS3- 20632 

The high mechanical reliability and low deterioration rate of the 
JT9D high-pressi . 1 compressor results in long utilization without 
exceeding engine operational limits. The increasing cost and decreas- 
ing supply of fuel have focused attention on the fuel burned 
implications of such high time use without refurbishment. The paper 
presents the results of JT9D high pressure compressor studies The 
mechanical deterioration of the JT9D high pressure compressor 
gaspath parts versus increasing service usage, documented from 
inspection of service parts, is presented and discussed including 
changes m airfoil roughness, blade length, airfoil contour and outer 
an seal trench characteristics An estimate ot the performance loss 
versus usage is related to each type of damage The combined 
estimated high pressure compressor performance loss for all mechan- 
isms determined from part inspection is compared to historical 
eng -ie test data to establish the validity of the predicted loss levels 
The effect of cold section refurbishment on engine fuel consumption 
recovery and the results of an optimization study to determine the 
appropriate interval for high pressure compressor refurbishment are 
alto reported. (Author) 


A79A07S9 * 4 Progress on Variable Cycle Engines. J S. 

Westmoreland. R A Howlett. and R P Lohnann (United Technolo- 
gies Corp.. Pratt and Whitney Aircraft Group. East Hartford. Conn ), 
AIAA. SAE and ASME. Joint Propulsion Conference. 15th. Las 
Vegas Nev . June 18 20. 1979, AiAA Paper 79-1312 1 I p 9 refs. 
Contracts No NAS3-20061 No. NAS3 20602 No NAS3 20048 
Progress n the development and future requirements of the 
Variable Stream '">1 Engine IVSCEl are prrented. The two most 
critrcal components o* ths advanced system for future supersonic 
transports, the high r ztlormance duct burner tor thrust augmenia 
lion and me low jet coannular nozzle were studied Nozzle model 
tests substantiated the jet noise ocnefit associated with the unique 
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velocity profile possible with a coannular nozzle system on a VSCE 
Additional nozzle model perform*, n* tests have established high 
thrust efficiency levels only at takeoff and supersonic cruise for this 
nozzle system An experimental program involving both isolated 
component and complete engine tests has been conducted for the 
high performance, low emissions duct burner with good results nd 
large scale testing of these two components is being conducted using 
a F 100 engine as the testbed tor simulating the VSCE. Future work 
includes application o' computer programs for supersonic flow fields 
to coannular nozzle geometries, further experimental testing with the 
duct burner segment rig, and the use of the Variable Cycle Engine 
(VCE) Testbed Program for evaluating the VSCE duct burner and 
coannular nozzle technologies. A.T. 
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08 AIRCRAFT STABILITY AND 
CONTROL 

Include* aircraft handling qualitie*. piloting flight 
controls and autopilots 


N79 281 86*# National Aeronautics and Space Administration 
Lewii Research Centev Oeveland. Ohio 

PREDICTING DYNAMIC PERFORMANCE LIMITS FOP 
SERVO SYSTEMS WITH SATURATING NON LINEAR I TIES 

John A Webb Ji and Richard A 8lech Jul 1979 52 p refs 
(NASA TP 1488 E-99031 Avail NTIS HC AG4/MF A01 CSCL 

01C 

A generalized treatment lor a system wuh a single saturating 
nonlinearity is presented and compared with frequency response 
plots obtained from an analog model of the system Once the 
amplitude dynamics are predicted with the limit lines, an iterative 
technique is employed to determine the system phase response 
The saturation limit line technique is used in conjunction with 
velocity and acceleration limits to predict the performance of en 
electro-hydraulic servosystem containing a single-stage servovalve 
Good agreement was obtained between predicted performance 
and eiperi;" ntal data S E S 


N7S-332'0*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECTS OF DIFFUSION FACTOR. ASPECT RATIO AND 
SOLIDITY ON OVERALL PERFORMANCE OF 14 COMPRES- 
SOR MIDDLE STAGES 

Werner R Bntsch. Walter M Osborn sod Mark R Laessig 
Washington Sep 1979 148 p 

,’NASA-TP- 1 523 E-9943) Avail NTIS HC A07/MF A01 CSCL 
21E 

A series cf nigh hub tip radius retro compressor stages 
representative of the middle and letter stages of axial How 
compressors v discussed The effects of aspect ratio diffusion 
factor, and solidity or. rotor and stage performance are determined 
Fourteen middle stages ere rested to study the effects on 
performance of varying both diffusion through the rotor end siato: 
blades end blade aspect nt.o The design parameters in the 
streamline analysis program, the blade geometry program, end 
the blade coordinate program are presented AWH 


A79-21296* » The NASA hv*' r . assure facility and turbine 
test rig. F S Stepka (NASA. Lewis Research Center. Turbine 
Cooling Section. Oeveland, Ohio). US. Navy and U.S. Air Force. 
Workshop on Cooling Problems in Aircrafr Gas Turbines Monterey. 
Calif.. Sept. 27. 28. 1978. Paper. 16 p. Protect SQUID. 

NASA Lewis Re. jrch Center is presently constructing a test 
facility for developing turbine-cooling and combustor technology for 
future-generation a -crab gas-turbine engines. Prototype engine 
hardware will be nves'iga’ed in this facility at gas-stream conditions 
up to 2480 K average turbine inlet l. perature and 4.14 million 
N/sq m turbine inlet pressure. The facility will have the unique 
features of fully automated control ano data acquisition through the 
use of an integrated sys'em of minicomputers and programmable 
controllers, which will result in more effective use of operating time 
and operators and will provide a built-in self-protection safety 
system. The f acil.ty tjrbine ng, and turbine-cooling test program are 
described, (Author) 


A79^53750 • * An overview of NASA research on positive 
displacement type general aviation engines. E E Kempke and E A, 
Willis (NASA Lewis Research Center. Cleveland. Ohiol American 
Institute of Aeronautics and Astronautics Aircraft Systems and 
Tecbnolcgy Meeting. New York N Y . Aug 20 22. 1979. Paper 
79 1824 38 p 12 refs 

The paper surveys the current status of the aviation positive 
displacement engine program- underway at th- NASA Lewis Re 
-ea'Ch Center The progiam encompasses conventional, lightwci<#tt 


diesel, and rotary combustion engines. Attention is giver to topics 
such as current production type engine improvement, coolii g dtag 
reduction fuel injection, and experimental and theoretical combus- 
tion studies. It is shown that the program's two major technical 
thrusts are directed toward lean operation of current production 
type spai k ignition engines and advanced alternative erwnne concepts. 
Finally, an Otto cycle computer model is also covered. M.E.P 


N7S-3320S*# General Electric Co Cincinnati. Ohio Aircraft 
Engine Group 

CFS JET ENGINE PEPFORMANCE IMPROVEMENT PRO 
GRAM SHORT CORE EXHAUST NOZZLE PERFORMANCE 
IMPROVEMENT CONCEPT 

W A "aschmg Sep 1979 1 13 p refs 
(Contract NAS3-20628) 

(NASA-CR 159564) Avail NTIS HC A06/MF A01 CSCL 
21E 

T he shod core nhaust • jzzle was evaluated in CF6-50 
engine ground tests r cl' „ performance, acoustic, and 
endurance tests The test esuhs vei.fied the performance 
predictions from scale model teats The abort core exhaust 
non orovides an internal cruise sfc edi an of 0 9 percent 
without an increase in engine noise iha nozzle hardware 
successfully completed 1000 flight cyrlec of endurance testing 
without any signs of distress Author 
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09 RESEARCH AND SUPPORT 
FACILITIES (AIR) 

Includes •■(ports, hangars and runways, aircraft rapair 
and overhaul facilities, wind tunnels, shock tuba facC>uaa: 
and engine test blocks 

For related infoimation see also 14 Ground Support 
Systems and facilities I Space! 


N7S-21084* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
MYPf RVELOCITV GUN Patent 

Franklin C Ford (MB Assoc . San Ramon. Calif.) and Arthur J. 
Bwhl. inventors (to NASA) Issued 21 Dec 1985 3 p filed 

7 Jun 1962 Sponsored by NASA 
(NASA Case-XLE-03 186-1: US-Patent-3.224.337; 

U S- Patent -Appl - SN - 2007 70. US- Patent -Class- 89-8) Avail US 
Patent and Trademark Office CSCL 148 

A velocity amplifier system which uses both electric and 
chemical energy for projectile propulsion w provided in a compact 
hypervelocity gun suitable for laboratory usa A relatively heavy 
layer of a tamping matanal such as concrete enclose, a loop of 
an electrically conductive matencf An explosive charge at least 
partially surrounding the loop is adapted to collapse the loop 
upon detonation of the charge A source of electricity charges 
the loop through two leads, and an electric switch which is 
activated by the charge explosive charge, disconnects the leads 
from the source of eiectncity and short circuits them An opening 
in the tamping material axtonds to the loop and forms a barrel 
The loop, necked down in the opening, forms the sabot on 
which the projectile is located When the loop is electrically 
charged and the explosive detonated the loop is short circuited 
and collapsed thus building up a magnetic field which acts as a 
sabot catcher The sabot >s detached from the loop and the 
sabot and projectile are acce'erated to hypervelocity 

Official G arena of the U S Patent and Trademark Office 


was derived from the optimum engines that maximizes engine 
commonality over the power spectrum with a protected price 
competitive with reciprocating piston engines The advanced 
technology features reduced engine cost, approximately SO percent 
compared with current technology J M S 


N79 29191'# General Electric Co . E vends le Ohio Aircraft 
Engine Group 

MAM CM JIT ENGINE DIAGNOSTICS PROGRAM: 
LONG-TERM CFO- 80 LOW-PRESSURE TURCINE DETI 
RIORATION 

Jeffrey J Smith Aug 1979 116 p refs 
(Contract NAS3-20S31I 

(NASA-CR-159618 R79AEG366) Avail NT'S 

HC A06/MF A01 CSCL 21 E 

Back-to-back pod; nuance tests were run on seven airline 
low pressure turbine ' lPT) modules and foui new CF6-60 modules 
Back-to-back taut cell runs, in which an airline LPT module was 
directly compared to a new production module, were included 
The resulting change, measured in fuel bum. equaled the level 
of LPT module deterioration Three of the LPT modules were 
analytically inspected followed by a back-to-back test cell run 
to evaluate current refurbishment techniques Author 


A79- 32398 * » Low-turbulence high-speed wind tunnel for 

the determination of cascade shock losses. J A Slovisky (Notre 
Dame, University. Notre Dame Ind.). W B Roberts (Nielsen 
Engineering and Research, Inc., Mountain View, Calif.), and 0 M. 
Sander cock (NASA. Lewis Research Center. Fan and Compressor 
Branch. Cleveland. Ohio) Amencjn Society of Mechanical Engi- 
neers. Gas Turbine Conference and Exhibit and Solar Energy 
Conference. San Diego, Calif.. Mar 12-15. 1979. Paper 79 GT129 
lip. 23 refs. Members. SI .50: nonmembers. S3 00. 

A low turbulence high speed wind tunnel, using anti-turbulence 
screening and a 100 1 contraction ratio, has been found suitable for 
high^peeo smoke flow visualization. The location and strength of 
normal, oblique, and curved shock waves generated by transonic or 
supersonic wind tunnel flow over airfoils or through axial compressor 
cascades is determined by combined shadowgraph and smokelines 
visualization techniques without the interference effects caused by 
intrusive probes. The Reynolds number based on chord varied 
between 50,000 and 1,000,000 Preliminary results are compared 
with the relevant theory and data gathered using a total pressure 
probe. (Author) 


N79-29189*if Teledyne CAE Toledo Ohio 

ADVANCED GENERAL AVIATION TURBINE ENGINE 
(GATE) STUDV Final Report 

R Smith and E H Benstem Jun 1979 150 p 'efs 
■ Contract NAS3 207571 

INASA CR 159624 Teledyne CAE 16001 Avail NTIS 
HC A07/MF A0 1 CSCL 21E 

The small engine technology requirements suitable lor general 
aviation service in the 1987 to 1988 time frame were defined 
The market analysis showed potential United Slztes engines sales 
of 31 500 per year providing that the turbine engine sales price 
approaches current reciprocating engine prices An optimum 
engine lesign was prepared for four categories of fiaed wing 
aircraft and for rotary wing applications A common core approach 
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12 ASTRONAUTICS (GENERAL) 

For e.ireterrestnal exploration iaa 91 Lunar and 
Planar ary Exploration 


N 79 32232'* National Aeronautics and Space Administration 
Lawns Research Cents'. Cleveland. Ohio 

MASS DRIVERS. 3: ENGINEERING c37 

William Arhold iHampsnue Coll i. Stuart Bowen. Stave Cohen. 
Kevin Fine IMIT). David Kaplan (Micnigan Univ I. Margaret Kolrr 
(HaveHord Con I. Henry Kolm (MIT) Jonathan Newman (Amherst 
Coll I. Gerard K ONeill (Princeton Univ.) snd Wi.liam Snow (MIT) 
In NASA Ames Res Center Space Resources and Space 
Settlements 1979 p 119-157 refs (For primary document 
see N79 32225 23-121 
Avail NTIS MF AO 1 S00 HC CSCL 131 

The last of a senes of three papers by the Mass- Driver 
Group of “he 1977 Ames Summer Study is presented It develops 
the engineering principles required to implement the basic 
mass-drive' Optimum component mass trade-offs are derived 
from a sal or four input parameters, and the program used to 
design a lunar launcher The mass optimisation procedures is 
then incorporated into a more comprehensive mission optimisation 
program called OPT-4 which evaluates an optimised mass-driver 
reaction engine and its performance in a range of specified 
missions Finally this paper discusses, to the extent that time 
permitted certain peripheral problems heating effects in buckets 
due to magnetic field npple an approximate derivation of guide 
force profiles the mechanics of inserting and releasing payloads 
the reaction mass orbits and a proposed research and develop 
ment plan lor implementing mass drivers G Y 


N79-201B1*| Princeton Combustion Lab. N J 

DEFINITION OF SMOLDER EXPERIMENTS FOR SPACELAB 
Progress Report. IS Apr. - 20 Dec. 1978 

M Summerfield N A Messina and L S Ingram Jan 1979 
8 1 p refs 

(Contract NAS3-2 13541 

(NASA CR 159528 PCRL FR 79 001) Avail NTIS 

HC A05/MF AO 1 CSCl 22A 

The feasibility of conducting experiments in space on 
smoldering combustion was studied to conceptually design specific 
smoldering experiments to be conducted in the Shuttle/ Spacelab 
System Design information for identified expenment critical 
components is provided The enalytical and experimental basis 
foi conducting research on smoldering phenomena in space was 
established Physical descriptions of the various competing 
processes pertaining to smoldering combustion were identified 
The need for space research was defined based on limitations 
ol existing knowledge and limitations of ground based reduced- 
gravity experimental facilities S E S 
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13 ASTRODYNAMICS 

■ •'dude* powered and free flight trajectories and orbit 
and launching dynamics 


N79- 26101 *f Georgia Inst ol Tech. Atlanta Engineering 
Experiment Station 

MILLIMETER WAVE SATELLITE CONCEPTS. VOLUME 1: 
EXECUTIVE SUMMARY Report. Jun. 1976 - Jon 1976 

N 8 Hilsen L D Holland R W Wallace 0 L Kelly R E 
Thomas J J Gallagher and F H Vogler Jun 1979 32 p 
refs 2 Vol 

(Contract NA S3 20110 Georgia Tech Proi A 18551 
INASACR- 1595041 Avail NTIS HC A03/MF A01 CSCL 
22B 

The objectives of the program were (II development of 
methodology based on the technical requirements of potential 
services that might be assignee to millimeter wave bands for 
identifying the viable and appropriate technologies for future 
NASA millimeter research and development programs and 
l2l testing of Ihis methodology with use' applications and services 
The scops of the program included the entire communications 
network both ground and space subsystems The reports include 
111 cost, weight and performance models for the subsys'sms 
121 conceptual design for pomt-to pomt and broadcast communica- 
tions satellites 131 analytic relationships between subsystem 
parameters 'nd an overall link performance 141 baseline 
conceptual systems *51 sensitivity studies. (6) model adjustment 
analyses 17) identification of entical technologies and their risks. 
1 8 ) brief R&D program scenarios for the technologies ludgod to 
be moderate o» extensive risks JAM 


N79-28102*# Georgia Inst of Tech Atlanta Engmeenng 
Experiment Station 

MILLIMETER WAVE SATELLITE CONCEPTS VOLUME 2: 
TECHNICAL REPORT Report. Jun. 1976 Jun. 1978 
N B Hilsen L D Holland R W Wallace 0 L Kelly R R 
Thomas and F H Vogler May 1979 40 p refs 2 Vol 
(Contract NAS3-2O110 Georgia Tech Proj A 18551 
INASA CR 1595031 Avai 1 NTIS HC A03/MF A01 CSCl 
228 

Identification of technologies for millimeter sa'ellite com 
munication systems and assessment of the relative risks of these 
technologies were accomplished through subsystem modeling 
and link optimisation for both point-to-point and broadcast 
applications The results in terms of annual cost per channel to 
the user from a commercial view point are described JAM 
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15 LAUNCH VEHICLES AND SPACE 
VEHICLES 

Includes booster*, manned ortxttl laboratories. reusable 
vehicles, end space stations 


N7A-20171*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
VACS PAOrULKON TECHNOLOGY OVERVIEW 
J J PeJouch Jr 1979 10 p refs To be presented at Coni 

on Advanced Techno! for Future Space Systems. Hampton. Va . 
8 1 1 May 1979 sponsored by AIAA 

(NASA TM-79 104 E 99281 Avail NT1S HC A02/MF A01 
CSCl 21H 

Chemical and elect nc propulsion technologies lor operations 
beyond the shuttle s orbit with focus on future mission needs 
end economic effectiveness is discussed The adequacy of the 
eusting propulsion state-of-the-art. barriers to its utilisation benefit 
o< technology advances and the prognosis for advancement are 
the themes of the dacussion Low thrust propulsion for large 
space systems a cited as a new technology with particularly 
high benefit It a concluded that the shuttle's presence for at 
least two decades a a legitimate basis for new propulsion 
technology but that this technology must be predicted on an 
awareness of mission requirements economic factors, influences 
of other technologies and real constraints on its utilization 

Author 
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16 SPACE TRANSPORTATION 

Includes passenger and cargo space transportation eg 
shu.i* operation* and rescue techniques 

For related information sae ala? 03 Air Transportation 
and Safety and 85 Urban Technology and Transportation. 


N79-26129*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

LOWTHRUBT CHEMICAL ORBIT TRANSFER PROPUL- 
SION 

J J Pelouch. Jr 1979 22 p refs Presented at the 15th 

Joint Propulsion Coni. Las Vegas Nev . 18-20 Jun 1979. 
sponsored by AIAA. Soc of Automotive Engr . and ASME 
INASA-TM 79190 E-059) Avail NTIS HC A02/MF A01 CSCL 
228 

The need for large structures in high orbit is reported in 
terms of the many mission opportunities which require such 
structures Mission and transportation options for large structures 
are presented and it is shown that low-thrust propulsion is an 
enabling requirement for some missions and greatly enhancing 
to many others Electric and low-thrust chemical propulsion are 
compared and the need for an requirements of low-thrust chemical 
propulsion are discussed in terms of the interactions that are 
perceived to exist between the propulsion system and the large 
structure S E S 


N79 27236** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

HIGH VOLTAGE SURFACE CHARGED ENVIRONMENT 
TEST RESULTS FROM SPACE FLIGHT AND GROUND 
SIMULATION EXPERIMENTS 

Norman T Grier 1979 13 p refs Presented at the High 

Voltage Workshop Anaheim. Calif 26-27 Feb 1979 sponsored 
by the AIAA 

(NASA TM 79184 E-0511 Avail NTIS HC A02/MF A01 CSCL 
10A 

Surface-charged particle interactions were investigated for a 
small 100 sq cm conventionally constructed solar cell panel in 
ground facilities and in a flight experiment The flight data 
substantiated preflight ground test results showing that at high 
positiv- biases the cover glass over each solar cell enhances 
the coo,, 'o current and that, at high negative biases, arcs create 
large transients in the coupling current RES 


N79-272M*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

A THERMAL CONTROL APPROACH "OR A SOLAR 
ELECTRIC PROPULSION THRUST SUBSY 'EM 

Joseph E Maloy and Jon C Oglebay Jun 1979 22 p refs 
(NASA TM 79175. E-0401 Avail NTIS HC A02/MF A01 CSCL 
2 1C 

A thrust subsystem thermal control design is defined for a 
Solar Electric Propulsion System (SEPSI proposed for the comet 
Halley Flyby/ comet Tempel 2 rendezvous mission A 114 nod* 
analytic model developed and coded on the systems improved 
numerical differencing analyzer program, was employed A 
description of the resulting thrust subsystem thermal desgn is 
presented as well as a description of the analytic model and 
comparisons of the predicted temperature profiles for various 
SEPS thermal configurations that were generated using this model 
It was concluded mat 111 a BIMOO engine system thermal 
design can be autonomous 12 1 an independent thrust subsystem 
thermal design is feasible 1 3 • the interface module electronics 
temperatures can be controlled by a passive radiator and 
supplementary heaters 141 maintaining heat pipes above the 
freezing point would require en additional 322 watts of 
supplementary heating power for the situation where no thrusters 
are operating (5l insulation is required around the power 
processors and between the interface module and th* avionics 
module as well as in those areas which may be subiected to 
Sv .i heating and 161 insulation behind the heat pipe radiators 
is not necessary Author 
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17 SPACECRAFT 

COMMUNICATIONS. COMMAND 
AND TRACKING 


Includes telemetry space communications networks 
astronavigation and radio blackout 

For related information see also 04 Aircraft Communica- 
tions and Navigation and 32 Communications 


•479-201 79* f National Asronauticx and Space Administration 
Lawns Research Center Cleveland. Ohio 

• LOCAL 04 CASTER SATELLITE COMMUNICATIONS 
SYSTEM FOR DISASTER ASSESSMENT AND REUSE 
COORDINATION 

S E Leroy 1979 12 p refs Presented at the Intern 

Telecom mun Exposition. Dallas. 26 Feb • 2 Mar 1979 
(NASA TM 79105. E 99291 Avail NTtS HC A02/MF A01 
CSCL 179 

The global communication requirements for deaster assistance 
and exammea operationally feasible satellite system concepts and 
the associated system parameters are anafyied Some potential 
problems associated with the current method of providing disaster 
assatence and a scenario tor disaster assistance relying on satellite 
communications are described Historical statistics are used with 
the scenario to assess service requirements Both present and 
planned commercially available systems are considered The 
aesociated global disaster communication yearly service costs 
are estimated S.E S 


N79 21120*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THERMAL ANOMAUES OF THE TRANSMITTER EXPERI- 
MENT PACKAGE ON THE COMMUNICATIONS TECHNOL- 
OGY SATE LUTE 

Robert E Alexovich and Arthur N Curran Apr 1979 113 p 

refs 

(NASA TP 1410 E 9735) Avail NTIS HCA06/MFA01 CSCL 
178 

The causes of four temporary thermal-control-system 
malfunctions that gava rise to unexpected temperature excursions 
in the 12 gigahertz. 200-watt transmitter experiment package 
(TEP) on the Communications Technology Satellite were invest iga 
ted The TEP consists ol a nominal 200-watl output stage tube 
(OST). a supporting power processing system (PPS) and a 
vsnable conductance heat-pipe system (VCHPSI The VCHPS 
which uses three heat pipes to conduct heat from the body of 
the OST to a radiator fin was designed to maintain the TEP at 
safe operating temperaturas at all operating conditions On four 
occasions during 1977 all near the spring and fall equinoxes 
the OST body temperature and related temperatures displayed 
sudden rapid, and unexpected nses above normal levels while 
the TEP was operating at essentially constant normal conditions 
The temperature excursions weie terminated without TEP damage 
by reducing the radio frequency (RF) output power of the ^ST 
Between the anomalies and since the fourth, the thermal control 
system has apparently functioned as des jned The results indicate 
the most probable cause of the temperature anomalies is depriming 
of the arteries in the variable conductance heat pipes A mode 
was identified in which the TEP. as presently configured may 
operate with stable temperatures and wrth minimum change in 
performance level SE 5 


N79 23999*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMMUNICATIONS TECHNOLOGY SATELLITE UNITED 
STATES EXPERIMENTS AND DISASTER COMMUNICA 
TIONS APPLICATIONS 

Patrick Donoughe Henry R Hunczak and Guy S Gurski ’978 
45 p refs Presented at the United Regional Seminar on the 
Use of Satellite Technol for Disastei Appi Sao Paulo Brazil 


2 13 Oct 1978 

(NASA TM 79109. E 9935) Avail NTIS HC A03/MF A01 
CSCL 17B 

Ground antennas from 0 6 to 5 0 meters in diameter were 
used aa remote earth terminals by the United States for both 
wideband (television) and narrowband (voce, data) communication 
in conjunction with the Canadian Hermes satellite s high power 
transmitter Experiments summarized cover teleconferencing and 
duplex videoconferencing for medical educational, and civic 
purposes, as well as tha remote interpretation ol multilingual 
broadcasts from the Untied Nations The capabilities of the system 
during real and simulated disasters at airports are assessed 
Particular attention is given to mmexpenments for flood control 
in the Mississippi River basin and in Johnstown Pennsylvania 
dunng the 1977 flood ARH 


N79 31264*4 National Aaronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

LIFE CHARACTERISTICS ASSESSMENT OF THE COM 
MUNICA TIONS TECHNOLOGY SATELLITE TRANSMITTER 
EXPERIMENT PACKAGE 

Jerry Smetana and Arthur N Curren Jul 1979 52 p refs 
(NASA TM 79181, E 049) Avail NTIS HC A04/MF A01 CSCL 
17B 

The performance characteristics of the t-ansmitter experiment 
package (TEP) aboard the Communications Technology Satellite 
(CTS) measured during its first 2 years in orbit are presented 
The TEP consists of a nominal 200 watt output stage tube 
(OST) a supporting power processing system (PPS) and a variable 
conductance heat pipe system (VCHPSI The OST. a traveling 
wave tube augmented with a 10 stage depressed collector has 
an overall saturated average efficiency of 51 5 percent and an 
average saturated radio frequency (rf) output power at center 
band frequency of 240 watts The PPS operated with a measured 
efficiency of 86 5 to 88 5 percent The VCHPS using three 
pipes to conduct heat from the PPS and the OST tu a 52 by 
124 centimeter radiator fin. maintained the PPS baseplate 
temporatuie below 50 C for all operating conditions The TEP 
performance characteristics presented include frequency response 
rf output power thermal performance and efficiency Communica- 
tions characteristics were evaluateo by using both video and 
audio modulated signals On four occasions the TEP experi- 
enced temporary thermal control system malfunctions The 
anomalies were terminated safely, and the problem was 
investigated because of the potential for TEP damage due to 
the signficant temperature increases Safe TEP operating 
procedures were established K L 


A79 20877 ’ Laboratory studies of electrical projserties of 

insulating materials J E Nanevicz. R C. Adamo (SRI International. 
Menlo Park. Calif ), and N. Giier (NASA, Lewis Research Center. 
Qevetam Ohio). In Selective application of materials tor products 
and energy Proceedings of the Twenty third National Symposium 
and Exhibition Anaheim. Calif . May 2 4, 1978. (A7920801 07 23) 
Azusa, Calif., Society for the Advancement of Material and Process 
Engineering. 1978. p 119G1201 

The characteristics of satellites are influenced by the electrical 
properties of the dielectric exterior It was found in simulated space 
environment tests that the electrical conductivities of dielectrics are 
affected as the result of interactions with various components of the 
environment. The degree to which the conductivity was affected 
varied with material. In some instances the changes found to occur 
could be used to advantage, particularly if they could be enhanced 
For example, the increased electrical conductivity of Kapton result 
mg from solar illumination could be used to advantage to eliminate 
the charge storage leading to electrical breakdown during magnetic 
substorms Similarly the relative immunity of FEP Teflon to change 
from response to the space environment makes it a logical choice as a 
solar cell cover in a high voltage solar array G.R 
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A 79-61097 * 0 VHF downlink communicat : on system for 
SLAR data. R J. Scheitler, T. L. Chase. R. A. Muellar, I. 
Kramarchuk, R. J. Jirbarg. and R. T. Gedney (NASA, Lewis 
Research Centar, Claveland, Ohio). University of Michigan. Inter 
national Symposium on Remote Sensing of Environment. 13th. Ann 
Arbor, Mich.. Apr. 23-27. 1979, Paper 8 p. 

This paper describes a real-ume VHF downlink communication 
system for transmitting side-looking airborne-radar (SLAR) data 
directly from an aircraft to a portable ground ^shipboard receiving 
station. Use of this receiving station aboard the U S. Coast Guard 
icebreaker Mackinaw for generating real-time photographic quality 
radar images will be discussed. The system was developed and 
demonstrated m conjunction with the U.S. Coast Guard and NOAA 
National Weather Service as part of the Project Icewarn all-weather 
ice information system for the Great Lakes Winter Navigation 
Program. (Author) 


A7945374 * • Bilinear tangent yaw guidance. R. G. Brusch 
(General Dynamics Corp.. Convair Div., San Diego. Calif.). In: 
Guidance and Control Conference, Boulder, Colo.. August 6-8, 1979, 
Collection of Technical Papers. (A79-45351 19-121 New York, 
American Institute of Aeronautics and Astronautics, Inc.. 1979. p. 
250-264. 23 refs. Contract No. NAS3 19154. (AIAA 79-1730) 

This paper presents a parametric yaw steering law which has 
been used to provide closed-loop yaw guidance for the launch of the 
HEAO (High Energy Astronomy Observatory) satellite mission using 
the Atlas/Centaur launch vehicle This bilinear tangent steering law 
provides near optimal yaw steering for maneuvers requiring insertion 
into orbits with a specified inclination and node. Bilinear tangent 
steering is shown to be optimal in both the pitch and yaw planes 
when a uniform gravitational field is assumed. The conditions under 
which the general bilinear tangent laws degenerate into lin'rr tangent 
and constant attitude laws are presented The flight computer 
implementation uf these laws in a rotating coordinate systc i using 
real-time integration of the equations of motion is detailed. Explicit 
solution of the parametric guidance equations requires the inflight 
solution of (2x2) two-point boundary value problems in the pitch 
and yaw pianes. Excellent results are obtained even for very large 
(greater than 50 deg) out-of-plane steering angles. (Author) 
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18 SPACECRAFT DESIGN. TESTING 
AND PERFORMANCE 

Includes spacecraft thermal and environmental control, 
and attitude control 

For Irfa support systems aaa 54 Man/ System Technology 
and Ufa Support For rotated information eee alto OS 
Aircraft Design. Tasting and Performance and 39 Structural 
Mechanics 


N79 11109*|f National Aeronautics and Space Administration 
Lewis Reseaich Center. Cleveland Ohio 

INSULATOR EDGE VOLTAGE GRADIENT EFFECTS IN 
SPACECRAFT CHARGING PHENOMENA 

N John Stevens Carolyn K Purvis and John V Staskus 1978 
16 p refs Presented at the Ann Coni on Nucl and Space 
Radiation Effects Albuquerque N Me* 18 21 Jul 1978 
sponsored by IEEE 

INASA TM 78988 E 97691 Avail NTIS HC A02, ME A01 
CSCL 228 

Insulating surfaces on geosynchronous satellites were charged 
by geomagnetic substorms to a point where drscharges occur 
The electromagnetic pulses Irom these discharges couple into 
satellite electronic systems disrupting operations are esammed 
Laboratory tests conducted on insulator charging have indicated 
that discharges appear to be initiated at insulator edges where 
voltage gradients can exist An experimental investigation was 
conducted to measure edge voltage gradients on silvered Teflon 
samples as they are charged by monoenerqetic electron beams 
It was found that the surface voltage at insulator edges can be 
approximated by an exponential expression based on an electron 
current density balance Author 


N79 19149*# National Aeronautics and Space Administration 

Lewis Research Center Cleveland Ohio 

JUPITER PRORE CHARGING STUDY 

Carolyn K Purvis Jan 1979 38 p refs 

(NASA TP 1263 E 91671 Avail NTIS HCA03/MFA01 CSCL 

22B 

A model to predict spacecraft charging effects in the Jovian 
magnetosphere was developed for the preliminary design of a 
Jupiter probe Charging calculations made with this model are 
presented and discussed Differential potentials between interior 
and exterior surfaces and between sunlit and dark exterior surfaces 
are predicted to be m the kilovolt range Author 


N79-1I160*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

SPACE ENVIRONMENTAL INTERACTIONS WITH SPACE 
CRAFT SURFACES 

John N Stevens 1979 23 p . sfs Presented at 1 7th Aeroepace 
Sci Meeting New Orleans La 15-17 Jan 1979 Sponsored 
by AIAA 

INASA TM 79016 E 98051 Avail NTIS HC A02/MF A01 
CSCL 228 

Environmental nteractions are defined as the response of 
spacecraft surfaces to the charged particle environment These 
interac'ions are divided into two broad categories spacecraft 
passive in which the environment acts on the surfaces and 
spacecraft actrve in which the spacecraft or a system on the 
spacecraft causes the interaction The principal spacecraft passive 
interaction of concern is the spacecraft charging phenomenon 
The spacecraft active category introduces the concept of 
interactions with the thermal plasma environment and Earth s 
magnetic fields which are important at all altitudvs and must 
be considered the designs of proposed large space structures 
and space power systems The status of the spacecraft charging 
investigations is reviewed along with the spacecraft actrve 
interactions J M S 


N79 22097*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
DESIGN PROSUMS OF SMALL TURSOMACHINERY 
H E Rohlik /n Von Karman Inst for Fluid Dyn Oosed Cycle 
Gas Turtxnes 1970 11 p refs (For primary document see 

N79-22093 13-07) 

Avail: NTIS HC A16/MF A01 CSCl 2 IE 

Advanced design and testing techniques developed at NASA 
Lewis to achieve high efficiency in small turbomachines are 
described Small radial and axial turbines and compressors were 
built for space power systems and associated studies at the 
Lewis Research Center A six stage axial compressor of 3 5 inches 
diameter and axial turbines of 3 and 8 5 inches diameter were 
included Radial turbines and compressors ranged from 3 5 to 6 
inches Topics discussed include maximum efficiency as a function 
of speed the effect of compressibility on passage sue. the use 
of quasi -orthogonels to calculate cross-channel velocity gradients, 
a design point velocity diagram study for axial turbines, and 
estimating off-design performance Special turbine instruments 
and calibration procedures were developed to test compressors 
and turbines, to determine Reynolds and sue number effects 
clearance, specific speed effects, and compressor performance 
Laboratory tests conducted to study system operation and shaft 
and bearing motions are also reviewed A R H 


N79-221SS*| National Aaronautics and Space Administration 
Lewis Research Carter. Cleveland. Ohio 

LARGE SPACE SYSTEM: CHARGED PARTICLE ENVIRON 
MENT INTERACTION TECHNOLOGY 

N John Stevens. James C Roche, and Normant T Grier 1979 
23 p refs Presented at the Conf on Advancin' Technol for 
Future Space Systems. Hampton. Va 8-11 May 1979. sponsored 
by AIAA 

INASA TM 79156 E 012) Avail NTIS HCA02/MF A01 CSCL 
228 

Large high voltage space power systems are proposed for 
future space missions These systems must operate in the 
charged -particle environment of space and interactions between 
this environment and the high voltage surfaces ere possible 
Ground simulation testing inoicated that dielectric surfaces that 
usually surround biased conductors can influence these interac- 
tions For positive voltages greater than 100 volts, it has been 
found that the dielectrics contribute tc the current collection 
area For negative voltages greater than 500 volts, the data 
indicates that the dielectrics contribute to discharges A large 
high voltage power system operating in geosynchronous orbit 
was analysed Results of this analysis indicate that very strong 
electric fields exist in these power systems S E S 


N79 24000* 0 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

NASCAP MODELLING OF HIGH VOLTAGE POWER SYSTEM 
INTERACTIONS WITH SPACE CHARGED PARTICLE 
ENVIRONMENTS 

N John Stevens James C Roche and Myron J Mandell I Systems 
Science and Software La Jolla. Calif I 1979 20 p refs Presented 
at the High Voltage Workshop Anaheim Calif 26 27 Feb 1979 
sponsored by IEEE 

(NASA TM 79146 E 0011 Avail NTIS HC A02/MF A01 CSCL 
228 

A simple space power system operating in geosynchronous 
orbit was analyzed This system consisted of two solar array 
wings and a central body Each solar array wing was considered 
to be divided into three regions operating at 2000 volts The 
canter body was considered lo be an electrical ground with the 
array voltages both positive and negative relative to ground 
The system was analyied for both a normal anvironment and a 
moderate geomagnetic substorm environment Initial results 
indicate a high probability of arcing at the interconnects on the 
negative operating voltage wing The dielectric strength of the 
substrate may be exceeded giving rise to breakdown in the bulk 
of the material The geomagnetic substorm Jid not sesm to 
increase the electrical gradients at the interconnects on the 
negative operating voltage wing but did increase the gradients 
on the positive operating voltage wing which could result in 
increased coupling current losses RES 
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N79 24001'# National Aaronautict and Space Adminiatratton 
Lawn Raaaarch Center. Qeveland. Ohio 
SPACECRAFT CHARGING TECHNOLOGY 1S7S 
1979 90S p left Coni held at Colorado Springs. Colo 

31 Oct. • 2 Nov 1978. sponsored by NASA and AFGL 
(NASA-CP 2071 AFGL TR 79-0082) Avail NTIS 

HC A99/MF A01 CSCL 228 

The interaction ol the aerospace environment with spacecraft 
surfaces and onboard, high voltage spacecraft systems operating 
over a wide range ol altitudes from low Earth orbit to geosynchro 
nous orbit is considered Emphasis is placed on control ol 
spacecraft electric potential Electron and ion beams plasma 
neutralizers material selection, and magnetic shielding are among 
the topics discussed For individual titles, see N79-24002 through 
N79 24057 


N7S-2400S*f National Aeronautics and Space Administration 
Lewis Research Center. Qeveland. Ohio 

SUMMARY OF THE TWO YEAR NASA PROGRAM FOR 
ACTIVE CONTROL OF ATS-S/S ENVIRONMENTAL CHARS 
ING 

Robert 0 Bartlett and Carolyn K Purvis In ns Spacecraft Charging 
Technol . 1978 1979 p 44 58 refs Prepared in cooperation 

with NASA Goddard Space Flight Canter (For primary document 
see N79-24001 IS 18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

Experiments conducted on the ATS 5 and ATS 6 which 
hava demonstrated the feasibility of modifying or clamping the 
environmentally induced potential of these spacecraft are 
described The results of these experiments indicate that a 
thermionic electron source is capable of replacing photo-emitted 
electrons dunng eclipse However, the utility of th.s type of device 
is limited if its emission is suppressed by local electric fields 
On the other hand, it is shown that a plasma source will not 
only serve as a substitute for photo-emitted electrons but will 
also suppress differential charging of isolated elements of the 
spacecraft which would tend to suppress electron emission This 
later device is therefore capable of clamping the potential of a 
spacecraft without special considerations of its coupling to the 
ambient plasma JUS 


N79-24011*||l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE CAFARILITIES OF THE NAIA CHARGING ANALYZER 
PROGRAM 

I Katz J J Cassidy. M J Mandell. G W Schnualle. P G 
Steen, and J C Roche In ns Spacecraft Charging Technol 
1978 1979 p 101-122 refs Prepared in cooperation with 

Systems. Science and Software La Jolla. Calif (Fo' primary 
document see N79 24001 15-18) 

(Contract NAS3 21050) 

Avail NTIS HC A99/MF A01 CSCL 22B 

Desirabla features in a spacecraft modeling code are 
enumerated The NASCAP is discussed in terms of its approach 
to the problem Samples of problem setup and output are provided 
which demonstrate the ease with which the program can be 
jsed A simple but interesting case of spacecraft charging is 
examined and othe- applications are discussed Author 


N79-24013*! National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPARISON OF NASCAP PREDICTIONS WITH EXPERI 
MENTAL DATA 

James C Roche and Carolyn K Purvis In ns Spacecraft Charging 
Technol. 1978 1979 p 144 157 refs (For primary document 

see N79 24001 15 181 
Avail NTIS HC A99/MF A01 CSCL 22B 

The NASA charging analyier program (NASCAPI is a three 
dimensional finite element computer code capable of simulating 
the electrostatic charging of an arbitrary body arther in a ground 
test tank or in the space environment The code incorporated 
surface property parameters needed to simulate insulating and 
conducting materials These parameters are being updated as 
quired to bring the NASCAP predictions into correspondence 


with data horn ground teats NASCAP predictions are also being 
compared with data from the ATS 5 spacecraft The significance 
of these ret ults is dircussed J A M 


N79 24021 *| National Aeronautics and Space Administration 
Lewis Research Canter. Qeveland. Ohio 

INTERACTIONS BETWEEN SPACECRAFT AND THE 
CHARGED PARTICLE ENVIRONMENT 

N John Stevens In ns Spacecraft Charging Technol , 1973 
1979 p 268-294 refs (For pnmary document see N79-24001 
15 18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

Spacecraft-environment interactions are defined as the 
responses of a spacecraft surface to a charged-particle environ- 
ment This response can influence spececreft system performance 
Interactions can be divided into two broad categories spacecraft 
passive in which the environment acts on the spacecraft, and 
spacecraft active m which the spacecraft causas the mterac 
tion Passive interactions include the spacecraft -charging phenom 
enon Active interactions mcluda tha relatively new interactions 
arising from the use of very large spacecraft and space power 
systems in future missions To illustrate active interactions, a 
large bower system operating at elevated voltages is consid- 
ered Possible interactions are described, available experimental 
data aie reviewed and the effect on power system performance 
is estimated G Y 


N79 24022'* National Aeronautics and Space Administration 
Lawis Research Center. Qeveland. Ohio 

PLASMA INTERACTION EXPERIMENT (PIXI FLIGHT 
RESULTS 

Norman T Grier and N John Stevens In ns Spacecraft Charging 
Technol. 1978 1979 p 295 314 refs (For primary document 

sec N79-24001 15-18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

An auxiliary payload package called PIX (plasma interaction 
experiment) was launched on March 5. 1978. on the LANDSAT 
3 launch vehicle to study interactions between the space 
chargeo-particle environment and surfaces at high applied positive 
and negative voltages Three experimental surfaces were used 
in this package a plain disk to aM as a control a disk on a 
Kapton sheet to determine the effect of surrounding insulation 
on current collection, and a small solar-array segment to evaluate 
the effect of distributing biased surfaces among an array of 
insulators Only half of the results from the 4 hours cf PIX 
operations were recovered The results did verify effects found 
in ground simulation testing The results of this experiment are 
discussed in detail G Y 


N 79 2402 6 'if National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECT OF PARASITIC PLASMA CUAPLh.t*> ON SOLAR 
ARRAY POWER OUTPUT 

Stanley Domitz and Joseph C Kolecki In n Spacer aft Charging 
Technol 1978 1979 p 358 375 refs (Fo. n~: iarY document 

see N79 24001 15 18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

Solar array voltage-current curves are calculated by assuming 
the existence of parasitic loads that consist of local currents of 
charged particles collected by the array Three cases of interest 
are calculated to demonstrate how the distribution and magnitude 
of parasrtic currents affect Output Solai array performance 
degradation became significant when the total parasitic current 
plus the loed current exceeded the short-circuit current 
Approximate graphical methods were useful for many applications 
Power loss which was calculated by summing the product of 
parasitic current and the local potential underestimated the loss 
in maximum power G Y 
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N 79 2*030'* National Aeronautics and Space Administration 
Lewis Reseaich Center Cleveland. Ohio 

STATUS OF MATERIALS CHARACTERIZATION STUDIES 

Carolyn K Purvis Ir its Spacecraft Charging Technol 1978 
1979 p 437-456 refs (For primary document see N79-24001 
IS- 18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

In the contest of the spacecraft charging technology 
investigation, studies were made to characterize the response of 
typical spacecraft surface materials to the charging environment 
The objective is to obtain an understanding of the charging and 
discharging behavior of such materials for the reliable prediction 
of spacecraft response to charging environments and as a guide 
for the design of future spacecraft Materials were characterized 
in terms of such basic properties as resistivity and secondary 
emission ano in terms of charging and discharging behavior in 
simulated charging environments G Y 


N79- 24031 ’dl National Aeronautics and Spe.e Administration 
Lewis Research Center Oeveland. Ohio 

TEST RESULTS FOR ELECTRON BEAM CHARGING OF 
FLEXIBLE INSULATORS ANO COMPOSITES 

John V Staskus and Frank D Berkopec In its Spacecraft Charging 
Technol. 1978 1979 p 4 5 7 484 refs (For primary document 

see N79-24001 15 18) 

Avail NTIS HC A99/MF A01 CSCL 22B 

Flexible solai array substrates graphite fiber /epoxy alumi 
num honeycomb panels and thin dielectric films were exposed 
to monoenergetic electron beams ranging in energy from 2 to 
20 kcV in the Lewis Reseaich Centers geomagnetic substorm 
environment simulation facility to determine surface potentials, 
dc currents and surface discharges The four solar array substrate 
samples consisted of Kapton sheet reinforced with fabrics of 
woven glass or carbon fibers They represented different 
construction techniques that might be used to reduce the charge 
accumulation on the array back surface Five honeycomb panel 
samples were tested two of which were representative of 
Voyager antenna materials and had eilher conductive or 
nonconductive painted surfaces A third sample was ol Navstar 
solar array substrate material The other two samples weie of 
materials proposed for use on Intelsat V All the honeycomb panel 
samples had graphite fiber/epoxy composite face sheets The 
thin dielectric films were 2 54 micrometer thick Mylar and 
7 62 micrometer thick Kapton A R H 


N79 24032*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AREA SCALING INVESTIGATIONS OF CHARGING 

PHENOMENA 

Paul R Aron and John V Staskus In its Spacecraft Charging 
Technol. 1978 1979 p 485 506 refs i For primary document 

see N79 24001 15 181 
Avail NTIS HC A99/MF AO I CSCL 22B 

The charging and discharging behavior of square planar 
samples of silvered fluonnateo ethylene propylene IFEPl Teflon 
thermal control tape was measured The equilibrium voltage 
profiles scaled with the widtn of the sample A wide >ange of 
discharge pulse chaiacteustics was observed and the area 
dependences ol the peak current charge and pulse widths are 
described The observed scaling ol the peak cunents with aiea 
was weaker than tha' previously reported The discharge 
parameters were observed to depend strongly on the grounding 
impedance and the beam voltage Preliminary lesults suggest 
that measuring only the return curent pulse characteristics is 
not adequate to describe the spacecraft discharging behavior ol 
this material The seams between strips of tape appear to play 
a fundamental role in determining the discharging behavioi An 
approximate propagation velocity lor the charge cleanoff was 
extracted from the data The samples 232 1265 and 5056 
square centimeters in area were exposed at ambient temporatu e 
to a 1 to 2 nA/sq cm electron beam at energies ol 10 15 
and 20 kilovolts in a 19 metei long by 4 6 meter diametei 
simulation facility at the Lewis Research Center Author 


N79-24033*||l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

CHARGING RATES OF METAL DIELECTRIC STRUCTURES 

Carolyn K Purvis John V Staskus. James C Roche, and Frank 
D Berkopec In its Spacecraft Charging Technol. 1978 1979 

p 507-523 refs (Foi primary document see N79 24001 15-18) 
Avail NTIS HC A99/MF A01 CSCL 22B 

Metal plates partially covered by 0 0 1 -centimeter-thick 
fluormated ethylene propylene (FEP) Teflon were charged in the 
Lewis Research Center s geomagnetic substorm simulation facility 
using 5- 8 10- and 12-kilovolt electron beams Surface voltage 

as a function of time was measured for various initial conditions 
(Teflon discharged or precharged) with the metal plate grounded 
or floating Results indicate that both the charging rates and 
the levels to which the samples become charged are influenced 
by the geometry and initial charge state of the insulating surfaces 
The experiments are described and the results are presented 
and discussed NASA charging analyzer program INASCAP) 
models of the expenments have been generated, and the 
predictions obtained are described Implications of the study results 
for spacecraft are discussed Author 


N79-31266*i|l National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

NASCAP MODELLING OF ENVIRONMENTAL CHARGING 
INOUCEO DISCHARGES IN SATELLITES 

N John Stevens and James C Roche 1979 25 p refs Presented 

at Ann Conf on Nucl and Space Radiation Effects Santa Cruz 

Calif 17-20 Jul 1979. sponsored by IEEE 

INASA-TM 79247 E-155) Avail NTIS HC A02/MF A01 CSCL 

22B 

The charging and discharging characteristics of a typical 
geosynchronous satellite experiencing time varying geomagnetic 
substorms, m sunlight were studied utilizing the NASA Charging 
Analyzer Program INASCAP) An electric field criteria of 
1 50 000 volts/cm to initiate discharges and transfer of 67 percent 
of the stored charge was used based on ground test results 
The substorm characteristics were arbitrarily chosen to evaluate 
effects of electron temperature and particle density (which is 
equivalent to current density) It was found that while there is 
a minimum electron temperature for discharges to occur, the 
rate of discharges is dependent on pa. tide density and duration 
times ol the encounter Hence it is important to define the 
temporal variations in the substorm environments J M S 


A79-30139 * ~- Insulator edge voltage gradient effects in 

spacecraft charging phenomena. N J Stevens. C K Purvis, and J V 
Staskus (NASA. Lewis Research Center. Cleveland, Ohio). IIEEE 
ON A NASA and POE Annual Conference on Nuclear and Sp-.e 
Radiation Effects 15th Albuquerque. N. Mex. July 18-21 1 i .’8. 1 
IEEE Transactions on Nuclear Science vol NS-25, Dec. 1978, p. 
1304-1312 22 refs. 

Insulating surfaces cn geosynchronous satellites have been 
charged by geomagnetic substorms to a point where d'schaiges occur. 
The electiomagnetic pulses born these discharges couple into satellite 
electronic systems disrupting operations Laboratory tests conducted 
on insulator charging have indicated that discharges appea. to be 
initiated at insulator edges where voltage gradients can exist An 
experimental investigation has been conducted to measure edge 
voltage gradients on silvered Teflon samples as they are charged by 
monoenergetic electron beams It has been found that the surface 
voltage at insulator edges can be approximated by an exponential 
expression based on an electron current density balance. Using this 
expression at known breakdown conditions results in a discharge 
vol'age gradient down the insulator edge to ground nf about 150,000 
V cm. (Author) 
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A 79-301 40 * The decrease in effective photocurrents due to 

saddle points in electrostatic ootentials near differentially charged 

spacecraft. M. J. Mondell, I Katz, G W Schnuelle. P G. Steen 
(Systems, Science and Software, La Jolla, Calif.), and J C Roche 
(NASA, Lewis Research Center, Cleveland, Ohio). flEEE, DNA 
NASA, and DOE. Annual Conference on Nuclear and Space 
Radiation Effects, 15th Albuquerque. N. Men., July 18-21. 1978.1 
IEEE Transactions on Nuclear Science, vol NS-25, Dec. 1978 p. 
1313 1317 9 refs Contract No. NAS3 21050. 

The reported investigation had the objective to illustrate the 
presence of important multidimensional effects in spacecraft charg 
mg. Two-dimensional codes have been under development by Parker 
(1976). A description is presented of a calculation which was 
performed using the three-dimensional NASA Charging Analyzer 
Program (NASCAPI. -NASCAP was run to calculate the electrostatic 
potentials on the surface of, and in the space surrounding, a sunlit 
Teflon-coated sphere Currents to the sunlit surfaces were deter- 
mined on the basis of an approximate photosheath model for strong 
differential charging. G.R. 


A79 23511 * a Space environmental interactions with space 

craft surfaces N J. Stevens (NASA Lewis Research Center, Qeve 
land, Ohio I American Institute ol Aeronautics ami Astronautics 
Aerostrace Sciences Meeting 17th Ne w Orleans La. Jan 15 17, 
1979 Paper 79 0386 25 p 47 refs 

The employment of 'aige structures in space, which would be 
necessary in connection with j numbe- of space missions and space 
activities currently being contemplated, might involve special prob 
lems as a insult of the inteiactions of the structures with the chaiged 
particle environment Such interactions would be particularly sigmti 
cant in the case of high operational voltages A review is presented of 
possible interactions between spaceciatt surfaces and charged pai licle 
environments The categories of spaceciaft environmental interne 
lions aie examined and a description of spuceciafl charging interac 
boos is piesemed The status jl chaigmg investigation is consideied 
taking mlo account the envuonment aspects of analytical modeling, 
matenals chaiacten.'ution materials development, space flight ex 
pertments, and design guidelines High voltage suilace plasma inter ac 
lions are also investigated G R 


N79 24007’ » California Umv San Diego 
OPERATIONS OF THE ATS 6 ION ENGINE 

R C Olsen and E C Whipple In NASA Lewis Res Canter 
Spacecraft Charging Technol 1978 1979 p 59 68 rets (For 

primary document see N79 24001 15-181 
(Grant NsG 31501 

Avan NTIS HC A99 MF A01 CSCL 22B 

The ion engine experiments on ATS 6 were operated in 
daylight and eclipse The effect on particle fluxes lo the spacecraft 
was monitored with the UCSD Auroral Particles Exp.-iment These 
data also provide information on the potential of the spacecraft 
with respect to the ambient plasma and on the local electric 
fields caused by the chaiye distribution on the satellite Daylight 
operations of the plasma budge neutralizer and the cesium thruster 
in fall 1974 served to hold the spacecraft between 3 and 8 
volts with respect to the ambient plasma Neutralizer operation 
reduced differential charging effects while operation of the thruster 
usually reduced the effects below the detectors sensitivity Eclipse 
operations of the neutralizer reduced kilovolt negative potentials 
to a few volts Operation of the thrusfei prevented possible 
charging o' the satellite during substorms making it possible to 
study low energy particle spectra which are at limes obscured 
by charging during substorms J M S 


N79 24006’* California Umv San Diego 

CHARACTERISTICS OF DIFFERENTIAL CHARGING OF 

ATS S 

Bruce Johnson and Elden C Whipple In NASA Lewis Res 
Center Spacecraft Charging Technol 1978 1579 p 69 79 

refs IFor primary document see N79 24001 15 1 B I 
tGrant NsG 3 1 50 1 


Avail NTIS HC . 99/ MF A01 CSCL 22B 

Thirteen day. •. data collected by the Auroral Particle 
Experiment onh aru the ATS 6 were anai/zed emphasizing 
peculiarities in thi >e<:tron data attributed to differential charging 
On one of these pays the satellite was eclipsed by the earth at 
local midnight Spectrograms were used to examine the data It 
is concluded that differential charging is responsible for returning 
photoelectrons to the spacecraft up tc a couple hundred eV. 
depending on the spacecraft charge It is believed that the 
Minnesota experiment on ATS 6 is largely responsible for 
producing a potential barrier that returns particles and produces 
intense spon spots in the count rates J M S 


N 79 24038*i< Pennsylvania State Umv. University Park 

POTENTIAL MAPPING WITH CHARGED PARTICLE 
BEAMS 

James W Robinson and David G Tillery In NASA Lewis 

Res Center Spacecraft Charging Technol 1978 1979 

p 606 620 refs (For primary document see N79 24001 15 18! 
(Grant NsG 31661 

Avail NTIS HC A99/MF A01 CSCL 228 

Experimental methods of mapping the equipotential surfaces 
near some structure of interest rely on the detection of charged 
particles which have traversed the regions of irterest and are 
detected remotely One method is the measurement of ion energies 
for ions created at a point of interest and expelled from the 
region by the fields The ion energy at the detector in eV 
corresponds to the potential where the ion was created An 
ionizing beem forms the ions from background neutrals The 
other method is to iniect charged particles into the region of 
interest and to locate their exit points A set of several trajectories 
becomes a data base for a systematic mapping technique An 
iterative solution of a boundary value problem establishes concepts 
and limitations pertaining to the mapping problem A R H 


N 79 24046*1 Pennsylvania State Umv University Pa k 

STABLE DIELECTRIC CHARGE DISTRIBUTIONS FROM 
FIELD ENHANCEMENT C7 SECONDARY MISSION 

James W Robinson In NASA Lewis Res Center Spacecraft 
Charging Technol 1978 1979 p 734 746 refs IFor primary 

document see N79 24001 15 181 
(Grant NsG 30971 

Avail NTIS HC A99/MF A01 CSCL 22B 

The emission of secondary electrons from dielectrics subject 
to numerous effects of electric field which are experimentally 
difficult to control is discussed Measu'ements are reported using 
pulse techniques such that local fields do not bu.ld fc sigmfi 
cant levels but measurements with fields present are also of 
interest A specific senes of measurements under controlled 
conditions are described and their implications in terms of fields 
magnitude and angle near the dielectric surface weie examined 
The measurements were made for a chaiged fluorinated ethylene 
propylene surface neai a groundeo a'uminum halt round resting 
on the surface The geometry produced a stable surface chaige 
gradient being controlled by a stiungly enhanced secondary 
emission lor which a model is constructed Observations of surface 
flashovers under various conditions confirm the predictions of 
some scaling exercises S E S 


N79 24012’* Systems Science ana Softwaic La Jolla Calif 
CHARGING ANALYSIS OF THE SCATHA SATELLITE 

G W Schnuelle D E Parks I Kaz M J Mended P C Steen 
J J Cassidy and A G Rubin IAFGLI In NASA Lewis ne» 
Center Spacecraft Charging Technol 1978 1979 p 123 '43 

'efs (For K unary document see N79 24001 15 181 
iContiact NAS3 210501 
Avail NTIS HC A99 MF A01 CSCL 22B 

A detailed model of Ihe geometrical material and electrical 
properties of the SCATHA satellite for use with the NASA charging 
analyzer program is described Charging calculations in an intense 
magnetosphenc substorm environment demonstrated that II) 
long booms can significantly perturb the potentials near the 
spao- aft and 2 discharging by sunlight or by active control 
can causa serious t>me dependent differential charging prob 
lems JAM 
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N79 24048°/|l Hiram Coll Ohio 

OEOSYNCHRONOUS SATELLITE OPE RATI NO ANOMALIES 
CAUSED SV INTERACTION WITH THE LOCAL SPACE 
CRAFT ENVIRONMENT 

Michael A Gnjek and Donald A McPherson iSciaoca Application* 
Inc I In NASA Lawit Ret Center Spacecraft Charging Technol . 
1978 1979 p 789-782 rafa (For primary document see 

N79 24001 15 18) 

(Contracts NAS3-21048 F0407 1 77-C 01 661 
Avail NT1S HC A99/MF A01 CSCL 22B 

The dependence ol a spacecraft anoma’y or even! upon 
geophysical parametars established on the basis of statistical 
analysis is presented Examples are provided for establishing 
rslationships between events and parameters such as geomagnetic 
activi’y. local tima. and avants on other spacecraft Examples 
illustratsd thn potential dangers of not using quantitative statistical 
techmquas it was recommended the', the data collection planning 
and statistical analysis planning be done together Results 
demonstrate s high correlation between the events and the 
goephyeical parameter being investigated S E S 


N79 24061 *| Science Applications. Inc . La Jolla. Calif 

SPACECRAFT CHARGING MODELING DEVELOPMENT 
AND VALIDATION STUDY 

E E 0 Donnell In NASA Lewis Res Center Spacecraft Charging 
Technol . 1978 1979 p 797 816 refs (For primary document 
see N79 24001 15 181 
(Contracts NAS3-2 1048 F04701 77-C 01 66) 

Avai. rrrs HC A99/MF A01 CSCL 228 

The effects of spacecraft charging are presented Analytical 
models of the magnetosphenc anvironment ara used to show 
the charging interaction between the spacecraft and the plasma 
sheath, the discharge phenomena, and electromagnetic coupling 
from the discharge to spacecraft components Ground tests to 
validate the models a r e described UMM 


N79 27234°# General Dynamics/ Convair San Diego Calif 

ATLAS 6013 TANK CORROSION TEST Final Report 

W M Sutherland L D Girton and D G Treadway Dec 
1978 133 p rats 
(Contract NAS3 206441 

(NASA Cfl-158760 CASD LVP 78 0781 Avail NTIS 
HC A07/MF A01 CSCL 228 

The type and cause of corrosion in spot welded joints ware 
determined by X ray and chemical analysis Fatigue and static 
tests showed the degree of degradation of mechanical properties 
The corrosion inhibiting effectiveness of WD 40 compound and 
required renewal period h> exposing typical |Oint specimens were 
examined M M M 


50 



19 SPACECRAFT 

INSTRUMENTATION 

For related information tea alao 06 Aircraft instrumenta- 
tion and 35 Instrumentation and Photography 


A7939806 * » NASCAP modelling of high-voltage power 
system interactions with space charged part cl e environments N. J. 

Stevens, J, C. Roche (NASA, Lewis Research Center, Cleveland, 
Ohio), and M J. Mandel! (System, Science and Software, La Jolla. 
Calif.). Institute of Electrical and Electronics Engineers. High 
Voltage Workshop, Anaheim, Calif . Feb. 26. 27. 1979, Paper . 18 p 
22 refs. 

The NASA Charging Analyrer Program (NASCAPI, an e^gmeei- 
ng tool capable of analysing the impact of the charged particle 
environment on spacecraft surfaces and systems, is desenbed. 
NASCAP is a quasi-stanc computatior al program which analytes the 
charging of a 3-dimensional complex body as a function c! iime and 
system -gene rated voltages for given space environmental conditions. 
The material properties o* the surfaces are taken into account, .he 
surface potentials, low energy sheath, potential distribution in space 
and particle trajectories are calculated. An application of NASCAP to 
a simple space solar power station consisting of two 6 m by 18 m 
solar array wings surrounding a central body is presented Each solar 
array wing is considered to be divided into three regions operating at 
2000 volts. Results of NASCAP an* /sis of the system foi a normal 
environment and a moderate geomagnetic substoim environment are 
discussed. C.K..D 
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20 SPACECRAh i' PROPULSION AND 
POWER 

Includes mam piopulsn-n systems and components e g 
rocket engines and spec torch ai xil. ary power sources 
For related informatio i see also 07 Aircraft Propulsion. 
28 Propellants and Eu Is and 44 Energy Pioduction and 
Conversion 


N79-10’22*|(f National Aeronautics and Space Administration 
lewis Research Canter. Cleveland Ohio 

FUTURE URBITAL POWER SYSTEMS TECHNOLOGY 
REQUIREMENTS 

Sep 1978 195 p refs Symp held at Cleveland 31 May - 

1 Jun 1978 

INASA CF 2058 E 97131 Avail NTIS HCA09/MFA01 CSCl 
10A 

NASA is actively involved in program planning for missions 
requiring several orders of magnitude, more energy than .n the 
past Therefore a two-day symposium was held to review the 
technology requirements for future orbital power systems The 
ourpese of the meeting was to give .coders from government 
and industry a broad view of current government supported 
technology efforts and future program plans in space power It 
provided a forum for discussion through workshops to comment 
on current and planned programs and to identify opportunities 
for technology investment Several papers are presented to review 
the technology status and the planned programs For individual 
titles see N79-10123 through N79 10143 


N79 10130*|f National Aeronautics and Space Administration 
Laws Research Center Cleveland Ohio 

A BRIEF SURVEY OF THE SOLAR CELL STATE OF THE 
ART 

Daniel T 8ematow.cz In its .ore Orbit* 1 Powe. Systems 
Tnchnol Requirements Sep 197i> p 133-146 refs IFor pnmary 
document see N/9 10122 01 201 
Avail NTIS HC A 09 / M F A0". CSCL 10A 

Modern rugh performance cells made for spaev are discussed 
The maior recent developments that are expected to influence 
what solar cells will be available m five years or so are 
described G Y 


N79 10132’* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

TECHNOLOGY STATUS BATTERIES AND FUEL CELLS 

J Stuad Fordyce In its Future Orbital Power Systems Technol 
Requirements Sep 1978 p 157 166 refs (For primary document 
see N79 10122 01 201 
Avail NTIS HC 409/ VF A01 CSCL 10A 

The current status of research and development programs 
on Dattei.es and fuel cells and the technologv goals being pursued 
are discussed Emphasis .s placed upon thos j technologies relevant 
to earth orbital electric energy storage applications G Y 


N79 10139*# National Aeronautics ano Space Administration 
Lewis Research Center Cleveland Ohio 

AN ECONOMICAL APPROACH TO SPACE POWER 
SYSTEMS 

Fred Teren In its Future Orbital Powei Systems Technol 
Requirements Sep 1978 p 265 270 IFor primary document 
see N79 10122 01 20l 
Avail NTIS HC A09/VF A01 CSCL 10A 

Protected energy demand for all NASA DoD and civil missions 
for the time span 1981 to 1995 are illustrated Typical energy 
cost range from about $300 to $2000 per k\N hr with an average 
of about $800 pei k\A hr for long duration missions At these 
levels the cost of the required energy would be several billion 
dollars pe> year by about 1985 and might constrain the number 
and types of NASA programs to be earned out NASA is 
exlens vely pu.suing approaches for reducing nonrecurring costs 


Two programs are presented for the development of an economical 
approach to soace power systems They are 111 Economical 
Orbital Power IEC0PI with the objective to demonstrate the 
applicability ol a commercial approach to the development of a 
low cost photovoltaic space power system and 121 Space Power 
Experiment ISPEX) which has the obiective to demonstrate the 
application of industrial hardware for space power systems G Y 


N79 2C1 79* National Aeronautics and Space Adminwt ration 
Lawns Research Cantor. Cleveland. Ohio 

CLOSED LOOP SOLAR ARRAY ION THRUSTER SYSTEM 
WITH POWER CONTROL CIRCUITRY Pttant 

Robert P Gruber, inventor (to NASA) Issued 6 Mar 1978 
8 p Filed 29 Mar 1978 Supersedes N73-22149 (16 - 13. 
p 1873) 

(NASA-Casa LEW- 12780-1. US Potent 4.143.314. 

US-Patent Appl-SN 891370. US-Patant-Oass-323- i5: 

US Patent Class 323-20) Avail US Patant and Trademark 
Office CSCL 20C 

A power control circuit connected between e solar e.rey 
and an ion thruster receives voltage and currant signals from 
the solar array The control circuit multiplies the voltage and 
currant signals together to produce a power signal which is 
differentiated with respect to time The differentiator output is 
detected by a zero crossing detector and after suitable shaping, 
the detector output is phase compared with a clock in a phase 
demodulator An integrator receives no output from the phase 
demodulator when the opertnrg point is at the maximum power 
but is driven toward the maximum power point for non-optimum 
operation A ramp generator provides minor variations in the 
beam current reference signal produced by the integrator m _ Jar 
to obtain the first denvative of power 

Official Gazette of tho U S Patent and Trademark Office 


N79 20 1 90* f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AN OXIDE DISPERSION STRENGTHENED ALLOY FOR GAS 
TURBINE SLADES 

T K Glasgow 1979 13 p refs Presented at the 20th 

Structures. Structural Dyn and Mater Con* St Louis. 4-6 Apr 
1979. sponsoied by AIME and the Am Soc of Civil Engr 
INASA-TM-79088 E-9912) Avail NTIS HC A02/MF A01 
CSCL 2 1 H 

The strength of the newly developed alloy MA-6000E is 
derived from a nickel alloy base an elongated grain structure 
naturally occurring precipitates of gamma prime and an artificial 
dtsmbution o* extremely fine stable oxide pedicles Its composition 
is Ni-15Cr 2Mo 2Ts-4W-4 5AI 2 5Ti-0 15Zr 005C-001B1 
1Y203 It exhibits the strength of a conventional nickel base 
alloy at 1400 F but is quite superior at 2000 F Its shear 
strength is relatively low necessitating consideration of special 
joining procedures Its high cycle low cycle and thermal 
fatigue properties are excellent The relationship between alloy 
microstructure and propedies is discussed Author 


N79-22190*f|i National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PRIMARY ELECTRIC PROPULSION FOR FUTURE SPACE 
MISSIONS 

David C Byers Fred F Teroan end Ire T Myers 1979 45 p 

refs Presented at the Conf on Adv Technol for Future Soace 
Systems Langley Va 8-11 May 1979 sponsored in pad by 
AIAA 

INASA TM 79141 E-9994] Avail NTIS HC A03/MF A01 

CSCL 20C 

A general methodology is presented which allows prediction 
of the overall characteristics of thrust systems employing 
electron-bombardment ion thrusters Elements of the thrust system 
are defined and then characteristics presented .n a parametric 
fashion Two system approaches are evaluated where power 
management and control elements end thrustei characteristics 
were substantially different For an assumed system approach 
the methodology presented predicts overall system propedies 
such as input power and mass whan maior mission and thrust 
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system (xiimtttn such as trip lima »nd specific impulse. are 
assumed Author 


N79 22191*f National Aeronautics and Space Administration 
Lewis Research ’'enter Cleveland. Ohio 

RESULTS FROM SYMPOSIUM ON FUTURE ORBITAL 
POWER SYSTEM*. TECHNOLOGY REQUIREMENTS 

Sol Gorland 1979 8 p refs To be presented at tha 14th 

Intersoc Energy Conversion Eng Conf Boston 5- 10 Aug 1979 
sponsored by the Am Chem Soc 

INASA TM 79125 E 99611 Avail NTIS HC A02/MF A01 
CSCL 10B 

The technology requirements for future orbital power systems 
were reviewed Workshops were held in 1 0 technology disciplines 
to discuss technology deficiencies, adequacy of current programs 
to resolve those deficencies and recommendations for tasks that 
might reduca the testing and risks involved in future orbital 
energy systems These recommendations are summarised JMS 


N79 22192*|f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INCREASED CAPABILITIES OF THE 30 cm DIAMETER Hg 
ION THRUSTER 

Vincent K Rawlin and O arles E Hawkins 1979 22 p refs 

Presented at the Conf on Advanced Techno) for Future Space 
Systems. Lang'ey. Va 8 11 May 1979 sponsored by AIAA 
( NASA-TW -79 1 42. E 9995) Avail NTIS HC A02/MF A01 
CSCL 2 1C 

Some space Right missions require advanced ion thrusters 
which operate at conditions much different than thoae for which 
the baseline 30-cm Hg thruster was developed Results of initial 
tests of a 30-cm Hg thruster with two and three grid ion 
scceleratmg systems operated at higher values of both thrust 
and power and over a greater range of specific impulse than 
the baseline conditions are presented Thruster lifetime at increased 
input power was evaluated both by extended tests and real 
trma spectroscopic measurements Author 


N7B-221B3*F National Aeronautics and Space Administration 
Lawis Research Center Cleveland. Ohio 

AN ECONOMIC ANALYSIS OF A COMMERCIAL AP 
PROACH TO THE DEBIQN AND FABRICATION OF A BPACE 
POWER SYSTEM 

Zimrr Putney (Solarex Corp Rockville. Md ) and Julian Been 
1979 8 p refs Presented at the Conf on Adv Technol for 
Future Space Systems Hampton. 8-11 May 1979 sponaored 
by AIAA 

(NASA-TM-79153 E-10091 Avail NTIS HC A02/MF A01 
CSCL 10A 

A commercial approach to the design and fabrication of an 
aconomical space power sy.tam is presented Cost reductions 
are protected thiough the conceptual design of a 2 kW space 
power system built with the capability for having serviceability 
The approach to system costing that is used takes into accot nt 
both the constraints of operation in space ana commercial 
production engineering approaches The cost of this power system 
reflects a variety of cost/ benefit tradeoffs that would reduce 
system cost as a function of system reliability requ ments 
complexity and the impact of rigid specifications A breakdown 
of the system design documentation fabrication, and reliability 
and quality assurance cost estimates are detailed JMS 


NTS 23132*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF LOW STIFFNESS CLOScOUT OVERWRAP ON 
ROCKET THRUST CHAMBER LIFE 

Harold J Kasper and J Joseph Nota-donato May 1979 21 p 

refs 

NASA TP- 1456 E 98701 Avail NTIS HC A03/MF A01 CSCL 
21H 

Three rocket thrust chambers with copper liners and a 
thrust level of 20 9 kN were cyclically teat fired to failure Two 


of the liners were made from oxygen free, high conductivity 
(OFHC) copper and from annealed Arnzirc The milled coolant 
channels were closed out with a thm copper cloeeoul over which 
a fiberglass composite was wrapped to provide hoop strength 
only Experimental data are presented, along with the results of 
a preliminary analysis that was performed before fabrication to 
evaluate the life extending potential of a thin copper closeout 
with a fiberglass overwmo Author 


N 79-23133*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE ROLE OF FUEL CELLS (N NASA'S SPACE POWER 

SYSTEMS 

Julian F Been 1979 11 p refs To be presented at the 14th 
Energy Conversion Eng Conf. Boston. 5-10 Aug 1979 
(NASA-TM-79182. E-042) Avail NTIS HC A02/MF A01 CSCL 
22B 

A history of the fuel cell technology is presented and compared 
with NASA a increasing space power requirements The role of 
fuel cells is discussed in perspective with other energy storage 
systems applicable for space using such catena as type of mission, 
weight, reliability coats etc Potential appflcations of spacs fuel 
cells with projected technology advances were examined S E S 


N79 -26T31 *# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE 30 CENTIMETER ION THRUST SUBSYSTEM DESIGN 
MANUAL 

Jun 1979 579 p refs 

(NASA TM 79191 E 0601 Avail NTIS HC A25/MF A01 CSCL 
09 C 

The principal characteristics of the 30-centimeter ion 
propulsion thrust subsystem technology that was developed to 
satisfy the propulsion needs of future planetary and early orbital 
missions are described Functional requirements and descriptions 
interface and performance requirements and physical characters 
tics of the hardware are described at the thrust subsystem BIMOO 
engine system and component level G Y 


N79 28220* f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PLANS FOR SPACE COMMUNICATION TECHNOLOGY 

Robert E Alexovich 1979 13 p refs Proposed for presentation 

at EASCON Session on Communications Satellite Technol . 
Washington DC 9 11 Oct 1979 sponsored by IEEE 
(NASA TM 79217 E 1071 Avail NTIS HC A02/MF A01 CSCL 
17B 

A program plan is presented tor a space communications 
application utilizing the 30/20 GHz frequency bands 130 GHz 
uplink and 20 GHz downlink) Results of market demand 
studies and spacecraft systems studies which significantly affect 
the supporting research and technology program are also 
presented along with the scheduled activities of tha program 
plan Author 


N7S-30290*F National Aeronautics and Spaca Administration 
Lewis Research Center. Qeveland. Ohio 

CHARACTERISTICS OF PRIMARY ELECTRIC PROPULSION 

SYSTEMS 

David C Byers IB 7 ® i 1 p refs Proposed for Presentation 
at 14th Intern Jonf on Elec Propulsion Princeton N J. 
31 Oct 2 Nov 1979 sponsored by AIAa and GLR 
(NASA TM 79255 E 1661 Avail NTIS HC A02/MF A01 CSCL 
2 1 C 

The use of advanced electric propulsion systems is expected 
to provide cost and performance benefits for future energetic 
spaca missions A methodology to predict the characteristics of 
advanced electric propulsion systems was developed and 
programmed for computer calculations to allow evaluation of a 
brood set oi technology and mission assumptions The impact 
on overall thn it system characteristics was assessed foi variations 
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of r' 0 p«ll«ni typa. total accelerating voltage. thruatai araa xpacific 
impulse and pow*» system approac.i Tha data may ba uaad 
both to prow'? dir act ion to technology emphaar* and allow for 
pralimmary estimal** of alactric propulsion system proparliat foi 
a wida vanaty of ep.ncatrons Author 


N7B-31S43*f National Aaronautics and Spaca Administration 

Lawis Rasaarch Cantor Cleveland Ohio 

BRUTTERINO IN MERCURY ION THRUSTERS 

Mans A Mantsnisks snd Vmcant K Rawlm 1979 20 p rafs 

Presented at Mth Intarn Conf on Elactnc Propulsion Pnrareton. 

N J 31 Oct - 2 Nov 1979 sponsored by AIAA and Dautscha 

Gassalschaft fur luft-und Raumfahn 

INASA-TM-7926C F 181 1 Avail NTIS HC A02/MF A01 CSCL 
21C 

A modal which assumaa that chemisorption is tha dominant 
n chanism « sppliad to tha sputtenng rata maasuremants of 
tha scraan grid of a 30 cm thrustar in tha prasancs of mtrogan 
Tha modal utilizes inputs from a vanaty of experimental and 
analytical sourcas The modal of environmental affects on 
sputtering was applied to thruster conditions of low discharge 
voltage and a discussion of tha comparison of theory and 
experiment is presented M M M 


N79 33262** National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

8ERT 2 1979 EXTENOEO FLIGHT THRUSTER SYSTEM 
PERFORMANCE 

W R Kerslake and L R Ignaczak 1979 22 p refs Presented 
at 14th Intarn Conf on Electric Propulsion Princeton N J 
31 Oct 2 Nov 1979 sponsoied by AIAA and Deutsche 
Gesselschaft fuel Luft und Raumfahrt 

INASA TM 79256 E 168 AIAA Paper 79 20631 Avail NTIS 
HC A02/MF AO 1 CSCL 21 H 

Steady state tests of the thruster 2 system on the SERT 2 
spacecraft are presented A direct thrust measurement was 
obtained for the ion thruster during operations to increase the 
spacecraft spin rate to maintain spacecraft attitude stability The 
continued restart tests of thruMer 1 and a report on the general 
status of all spacecraft systems including the main solar array 
are presented A W H 

N79 33253"! National Aeronautics and Si see Administration 
Lewis Research Center Cleveland Ohio 

REDUCED POWER PROCESSOR REQUIREMENTS FOR THE 
30 cm DIAMETER Hg ION THRUSTER 

Vincent K Rawlm 1979 14 p refs Presented at the Mth 

Intern Coni on Electric Propulsion Princeton N J 30 Ocl 
1 Nov 1979 sponsored by AIAA and Deutsche Gesselschaft 
fuer Luft und Raumfahrt 

iNASA TM 79257 E 169 AIAA Paper 79 2081 1 Avail NTIS 
HC A02 MF AO' CSCL 2 1C 

An evaluation of simplifications for the thruster power 
processor interface for a 30 cm Hg ion thruster is presented 
Tests on the engine thruster control and the power supplies 
are performed Reduced power processors requirements are 
defined and the impa- t on thruster design performance and 
lifetime are assessed A W H 

N79 33264* « National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PRELIMINARY RESULTS OF THE MISSION PROFILE LIFE 
TEST OF A 30 cm Hg BOMBARDMENT THRUSTER 

R T Bechtel and E L James IX irox EOS Pasadena Calif I 
1979 23 p rets Presented at Mth Intern Conf on Electric 

Propulsion Princeton N J 31 Oct 2 Nov 1979 sponsored 
by AIAA and Deutsche Gesselschaft tucr Luft und Raumfahrt 
iNASA TM 79261 E 1 75i Avarl NTIS HC A02'MF A01 CSCL 
20C 

Long term tests were performed on a 30 cm Hg bombard 
men! thrusler and a power processing unit to determine lifetime 
characteiistics The thruster performance daia and other 
operational characteristics taken at various times during the test 
segment a>e presented and evaluated with the life limiting 
mechanisms discharge chamber erosion deposition and spalling 


external erosion, cathode degradation and propallant isolator 
leakage The control algorithms for thruster strd up steady state 
operation throttle detection and correction of off normal 
conditions and shutdown are discussed A W H 

N79 33266** National Aaronautics ana Space Administration 
Lewis Research Canter Cleveland Ohio 

NEUTRALIZATION TESTS ON THE SERT 2 SPACECRAFT 

William R Kerslake and Stanley Domiu 1979 24 p refs 

Presented al Mth Intern Coni on Elactnc Propulsion Pnncaton 
N J 31 Oct 2 Nov 1979 sponsored by AIAA and Deutsche 
Gesselschaft fuer Luft und Raumfahrt 

INASA TM 79271 E 19 1 AIAA Paper 79 2064 Avail NTIS 
HC A02/MF A01 CSCL 228 

Neutralization test data obtained on the SEF f 2 spacecraft 
are presented Tests included ion beam neutralization of a thruster 
by a close (normal design! neutralizer as well as by a distant 
1 1 meter) neutralizer Parameters affecting neutralization such 
as neutralizer bras voltage neutralizer anode voltage local 
spacecraft plasma density and solar array voltage configuration 
were varied and changes in plasma potentials were measured 
A plasma model is presented as an approximation of observed 
results A W H 


A79 10014 • Status of wraparound contact solar cells and 

arrays. C R Baraona (NASA. Lewis Research Center. Cleveland. 
Ohio) and L E Young (NASA. Marshall Space Fl.ght Center 
Huntsville. Ala ) In Intersocietv Energy Conversion Engineering 
Conference. 13th. San Diego Calif . August 2025 1978. Proceed 
mgs Volume I (A79 10001 01 441 Warrendale. Pa Society ot 
Automotive Engineers. Inc . 1978 p 84 90 13 refs. 

The paper d-senbes the development ot wraparound contact 
solar cell technology Future development trends are distinguished 
The current method of module fabrication witn wraparound contact 
cells is briefly reviewed The prospects for automated cell assembly 
are discussed P T H 


A7S 34704 * ■ Space propulsion technology overview J J 

Pelouch Jr INASA Lewis Research Center. Propulsion Systems 
Section. Cleveland. Ohiol In Conference on Advanced Technology 
for Future Space Systems Hampton. Va May 8 10. 1979. Technical 
Papers. |A7 9 34 701 14 1 21 New YorX. American Institute ol Aero 
nautm and Astronautics. Inc . 1979 p 24 29 (AIAA 79 0860) 

This paper discusses Shuttle era chemical and electric propul 
sion technologies for operations beyond the Shuttles orbit w'th 
focus on future mission needs and economic ef lectiveness The 
adequacy ot the existing propulsion state-of the art, barriers to its 
utilization, benefit of technology advances, and the prognosis for 
advancement are the themes ot the discussion Low thrust propulsion 
for large space systems is cited as a new technology with particularly 
high benefit It is concluded that the Shuttle s presence for dt least 
two decades is a legitimate basis for new propulsion technology, but 
that this technology must be predicated on an awareness of mission 
requirements economic factors, influences ol othei technologies, 
and real constraints on its utilization (Author) 


A79 34736 * « Soma effa<-ti of cyclic induced deformatxjn in 

rocket thrust chambers N P Hannum. R J Quentmeyer and H J. 
Kasper (NASA Lewis Research Center. Cleveland Ohio) In 

Conference on Advanced Technology tor Future Space System., 
Hampton. Va May 8 10 1979 Technical Papers (A79 

34701 14 1 2) New York. American Institute of Aeronautics and 
Astronautics, Inc 1979. p 290 299 8 refs (AIAA 7909111 

A tesl program to investigate the deformation process observed 
in the hot gas wall ol rocket thrust chambers was conducted usmq 
three ditlercnt liner maurnals f :ve chambers were cycled to 

failure using hydrogen jrtd oxygen as propellants ,rt a chamber 
pressure ol 4 14 MN ss in'* The reformation was observed nonde 
struct ively at midlite points arxl destiucl ively attei tail ji e occurred 
The cyclic life results are presented with an accompanying discussion 
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about the types of failure encountered Data indicating the deforma 
tion of (he thrust chamber liner as cycles are accumulated are 
presented for each of the test thrust chambers (Author) 


A79- 34737 • * An economic analysis of a commercial ap- 

proach to the design and fabrication of a pace power system. Z 

Putney (Solarex Corp.. Rockville. Md I and J Been (NASA. Lewis 
Research Center. Cleveland. Ohiol In Conference on Advanced 
Technology for Future Space Systems. Hampton. Va . May 8 10. 
1979, Technical Papers (A79 3470) 14 121 New York, American 
institute of Aeronautics and Astronautics. Inc.. 1979, p 300 305 6 
refs (AIAA 79 0914) 

This paper discusses a commercial approach to the design and 
fabrication ot an economical space powei system. With the advent oi 
the space shuttle, steps can be taken to back away from the presently 
used space qualified approach in order to reduce cost of space 
hardware by incorporating, where possible, commercial design, 
fabrication, and quality assurance methods. Cost reauctions are 
protected through the conceptual design of a 2 kW space power 
system built with the capability for having serviceability The 
approach to system costing that has beer, used takes into account 
both the constraints of operation in space and commercial P'Oduc 
tmn engineering approaches The cost of this power system reflects a 
variety of cost T>enef it tradeoffs that would reduce system cost as a 
function of system reliability requirements, complexity, and the 
impact of rigid specifications A breakdown of the system design, 
documentation fabricator and rehability and quality assurance cost 
estimates are detailed (Author) 


A79- 34773 * * Primary electric propulsion for future space 

missions D C. Byers. F F Terdan. and I T Myers (NASA. Lewis 
Reseat ch Center. Cleveland. Ohio) In Conference on Advanced 
Technology for Future Space Systems. Hampton. Va.. May &19 
1979, Technical Papers New York. American Institute of Aeronaut 
ics and Astronautics. Inc , 1979 43 p 27 refs (AIAA 790061' 

The paper presents data »— t a methodology to allow prelim, nary 
definition of electric propulsion sy»;zms. The elements comprising 
the thrust system are described parametricaiS As an example, 
thruster performance is presented as a function uf -pecific impulse 
and propellant type Two power management and control (PMACI 
approaches ate considered to illustrate the use of the methodology 
Power source characteristics are disregarded in the system descrip 
tion One PMAt concept assumes a dc power input to the thrust 
system and all thruster power conditioned in a conventional manner, 
the other PM AC approach assumes an ac power source S D 


A79 34 774 * * Increased capabilities of the 30-cm diameter 

Hg ion thruster V K Rawlin and C E Hawkins (NASA. Lewis 
Research Center. Cleveland. Ohiol In Confe>ence on Advanced 
Technology for Future Space Systems. Hampton. V a . May 8-10, 
1979, Technical Papers New Yo'k. American Institute of Aero 
tics and Astronautics. Inc . 1979. 20 p. 21 refs (AIAA 79 09101 

A 30cm-diam mercury ion thruster, using two or three grid ion 
accelerating systems, is operated at in> reased values of beam current. 
Comparisons with the SEP iSolar Elrctnc Prooulsion) and EPSEP 
(Extended Performance SEP) baseline thrusters are made with 
respect to performance and lifetime It is found that when a thud, or 
decelerator grid is added to the conventional two-grid optics of a 
SEP like thruster, the ion beam tocusm, piopei’ies ate improved, as 
expected from theoretical considerations The total thruster effi 
ciency as a funct.on of specific impulse, is increased tor values of 
specific impulse in the iange 1200 2800 sec Lifetime test resu.ts 
predict a thruster lifetime, under space conditions, not less than that 
of the baseline SEP thruster S.D 


A79-34775 * * Lerge space system Charged particle »nviron 

merit interaction technology N J Stevens J C. Roche, and N T 
Grier (NASA. Lewis Research Center. Cleveland. Ohio). In Confer- 
ence on Advanced Technology for Future Space Systems, Hampton. 
Va.. May 910. 1979. Techr cal Papers New York American 
Institute of Aeronautics and Astronautics. Inc . 1979. 21 p 31 lets 
.AIAA 79 0913) 

Large high voltage space power systems proposed for future 
applicanons in both low earth orbit and geosynchronous altitudes 
must operate in the space charged-particle environment with possible 
interactions between this environment end the high voltage surfaces 
The paper reviews the ground expei oriental work to provide 
indicators foi the interactions that could exist in the space power 
system A preliminary analytical model of a large space power system 
is constructed using the existing NASA Ch. ging Analyzer Program 
and its performance in geosynchronous orbit is evaluated. The 
analytical results are used to illustrate the regions where detrimental 
interactions could exist and to establish areas where future technolo 
gy is required S D 


A7 9 3897 2 • » Plug cluster engine concept for m-space mis 

sions. C I O'Brien IAero|ct Liquid Rocket Co . Sacramento Calif ) 
and C A Auketman (NASA. Lewis Research Center. Cleveland 
Ohio). AIAA SAE and ASME Joint Propulsion Coni^ence. 15th 
Las Vegas. Net June 1820 1979 AIAA Paper 79V 79 10 p 27 
refs. 

The development of a suitable orbital transfer vehicle (OTVI 
enqme is discussed The OTV s dimensions aie limited by those ot 
the Space Shuttle payload bay on which it will be earned An 
approach to utilize the available diameter to achieve high area ratio 
and thus high engine performance it presented Unconventional 
nozzles. such as clusters of small thiusters around a laige diameter 
contoured plug, are investigated to arrive at engine designs which 
feature lower chamber pressures, with attendant lower heat flux, 
lower wall temperature, longer tatigue Ide. and less critical turbo 
machinery Attention is also given to plug no/ale technology, high 
area ratio module and scarfed bell Plug Cluster Engine (PCE) 
concepts, as well as PCE performance weight, and assessment A 
conceptual design of a PCE formed from a cluster of high area ratio, 
scarfed, bell nozzles proved to be competitive with bell and spike 
nozzle engines PCE advantages cited include increased payload 
length due to shorter engine length ability to increase or decrease 
the number of modules and thereby the thrust, and low cost due to 
utilization of off the shelf technology M E P 


A79-398 1 5 * * Low-thrust chemcal ormt transfer propulsion. 

J J Pelouch. Jr (NASA, Lewis Research Center. Space Propulsion 
and Power Div . Cleveland. Ohio) 4/AA. SAE. and ASME. Joint 
Propulsion Conference. 15th. Las Vegas, Net . June IS 20 1979. 
AIAA Paper 791182 20 p 

The need for large structures in high orbit is discussed in terms 
of the many mission opportunities which require such structures 
Mission and tiansportation options for large structures are presented, 
and it is shown that low thrust propulsion is an enabling requirement 
for some missions and greatly enhancing to many othe s A general 
comparison ot electric and low thrust chemical propulsion is made 
and the need for and requirements of low thrust chemical propulsion 
are discussed in terms of Ihe interactions that are perceived to exist 
between the propulsion system and the large structure lAuthor) 


A79-40964 * > Preliminary evaluation of glass rent- materials 

for solar cell cover use. S. J Marsik. C. K Swartz, and C. R Baiaona 
(NASA. Lewis Research Center, Cleveland. Ohio) In Photovoltaic 
Specialists Conference, 13th. Washington. D C , June &8. 1978, 
Conference Record (A79-40881 17 44) New York. Institute of 
Electrical and Electronics Engineers, Inc . 1978. p 624 627 

Silicon >ol»r cells and silicon wafers coated with a heat curable 
resin consisting of alternating Si 0 atoms were subieded to three 
tests to evaluate the potential utility of this coating in space 


55 



environments. These included UV mediation in vacuum at an 
intensity of 10 air mass zero UV energy equivalent solar constants 
for 728 hours followed by a long thermal cycle. 15 thermal shock 
cycles between 100 C and minus 196 C. and Ingh temperature and 
humidity 165 C at 90% relative homidityl. The UV tests resulted in a 
8 to 24% loss in short-circuit current and darkening of the covers. 
Modification of the resin to provide a better match between the 
coefficients of expansion of the resin and silicon improved resistance 
to thermal shock, but also increased the darkening effect under UV 
irradiation. Silicon enters coated with the resin were not adversely 
affected by the temperature/humidity test. C.K.D. 


A79 51810 • The role of fuel cells in NASA's space power 

systems. J F Been (NASA. Lewis Research Center. Cleveland, 
Ohio! In InteisoCiety Energy Conversion Engineering Conference. 
14th Boston. Mass.. August 5-10. 1979, Proceedings. Volume 1 
IA79 51 720 23 441 Washington. D C . American Chemical Society. 
1979. p 544 549 11 refs 

The advances n fuel cell technology which have expanded the 
capabilities of the tuei cell fioni that cit power generation to include 
energy storage also expanded its potential role tn space power 
systems Th s pjper presents a brief evolutionary history of the fuel 
ce technology and compares this w th NASA's increasing space 
power requirements The role of fuel cells is pul in perspective with 
other energy storage systems applicable tor space using such criteria 
as typ- of m.svon weight reliability costs, etc Potential applica- 
tions ot space tuei cells with protected technology advances are 
examined lAulhor) 


Ft 79 10120*4 Xerox Electro Optical Systems Pasadena Calif 
Electronic Systems Drv 

INERT SAS ION SOURCE PROGRAM Final Report. 2 Mar 
1977 2 J*« 1S78 

William D Ramsey 13 Jul 1978 76 p refs 
iContiact NAS3 203931 

(NASA CR 159423 XEOS 23611 Avail NTIS 

HC AOS MF A0 1 CSCL 2 1C 

THe anginal 12 cm hexagonal magneto electrostatic contain 
ment discharge chamber has been optimised for argon and xenon 
ooeration Aigon mass utilisation efficiencies of 65 to 77 percent 
wt'e achieved at xeepei plus mam discharge energy consumptions 
of 200 to 458 eV ion respectively Xenon performance of 84 
to 96 percent mass utilisation was realised at 203 to 350 eV/ion 
The optimisation process and test results ere discussed G G 


N79 1 1 1 1 5 * e BatteMe Pacin’ Northwest labs Rich. and Want 

DEVELOPMENT OF SPUTTERING PROCESS TO DEPOSIT 
STOICHIOMETRIC 2IRCONI* BOATINGS FOR THE INSIDE 
WALL OF REGENtn«.ivtL> COOLED ROCKET THRUST 
CHAMBERS 

R Busch 19 Ju> ’9 78 33 n refs 
Contract NAS3 1972 1 

NASA CR 159412 Avail NTIS HC A03 MF A01 CSCL 
2 t H 

thermal bai’iei coatmgs ot yttna stabilised sircoma and 
Si'CP'na i" a nn it u i ex ne'e deposited by RF reactive sputtering 
Coatings we*e 1 2 nils th.ck and wne lrpovted on coppei 
, y n it> x intr- ,ii-ii t l simulate the imp- wan ol a jeneratively 
noli i t>- • namtw Coating stoichiometry and adherence were 

investigate' as ' . to o' teposdion pa'amrteis Modest 

del ox t ie ales upproiimateiy L* 15 mil hr and Subamb«ent 
si.st-.ite tr-'tpi’ at . ex 80 l lesulte-.t nejily stoichiomelnc 
oatinq-. wi' ■ ti i- • .iir r .t jit* t i a through the- mal ycles between 
19h and 400 C Coatings lepositert Jt highei rates O' sub 

St'.ifi--- Jr- I 1 e-Jti us H*I' t te.l i-eate- Oxygen ileh iences wh ip 
. oetmgs ,i*'t'»'s tr i al iwe» teiripe'atuips we«r hoi adhpreni 

fii.bst-.tte I st'in final hanges in the coaling and 

high krypton contents no dea' effect on stoichiometry was 
obse-ved Author 


NT* 141»3*f Hughes Research Labs Malibu Calif Ion 
Physics Dept 

ADVANCED ClICTNO*TAT1C ION THRUSTIN FOR VACt 
PROPULSION FM Repor t . 21 May 1*7* 21 Jan. 1*7* 

Tommy D Masek Duncan MacPherson Welter Galon Seiji Kami. 
Robed L Poeschei and James W Ward Apr 197* 400 p 

ref 

(Contract NAS3 201011 

(NASA-CR 159406) Avail NTIS HC A17/MF A01 CSCL 
21C 

The suitability of the baseline 30 cm thruster for future 
space missions was examined Preliminary design concepts for 
several advanced thrusters were developed to ecaess the potential 
practical difficulties of a new design Useful methodologies were 
produced for assess. ig both planetary and eadh ortxt missions 
Payload performance ei a function of propulsion system 
technology level and cost sensitivity to propulsion system 
technology level are among the topics assessed A 50 cm diameter 
thruster designed to operate with a beam voltage o* about 
2400 V is suggested to satisfy most of the requirements of 
future space missions J M S 


N79 1516_*f Colorado State Umv Fod Collins Dept of 
Mechanical Engineering 

PREDICTION OF PLASMA PROPERTIES IN MERCURY ION 
THRUSTERS 

Glen Longhurst Dec 1978 118 p refs 

(Grant NGR 06 002 1 12) 

INASa CR 159448i Avail NTIS HC A06 MF A01 CSCL 
21C 

A simplified theoretical model .was developed which obtains 
to first order the plasma propedies m the discharge chamber of 
a mercury ion thruster from basic thruster design and controllable 
operating parameters The basic ope.ation and do-.ign of ion 
thrusters is discussed and the impodant processes which influence 
the plasma propedies are described in terms of the design and 
control parameters The conservation for mass charge and energy 
were applied to the ion production region which was defined 
as the region of the discharge chamber having as its outer 
boundary the surface of revolution of the innermost Feld line to 
intersect the anode Mass conservatir n and the equations 
describing the various processes involved with mass addition 
and removal from the ion production region are satisfied by a 
Maxwellian electron density spatial distribution in that region 

8 9 


N79 16913*4 Colorado State Unrv Fod Collins Dept of 
Mechanical Engineering 

MERCURY ION THRUSTER RESEARCH. 1978 
Annual Report. 1 Dec 1977 1 Dec 1978 

Paul J Wilbur Dec 1978 110 p refs 

(Grant NGR 06 002 1 1 2i 

(NASA CR 159485) Avail NTIS HC A06 MF A01 CSCL 
2 1C 

The effects ol 8 cm thruster mam and neutralise! cathode 
operating conditions or, cathode orifice plate temperatures were 
studied The effects of cathode operating conditions on insert 
temperature profiles and keeper voltages are presented for three 
different tvpus of inseds The bulk of the emission current is 
generally observed to come from the downstreem end of the 
msed rathe' than from the cathode ortfice plate Results of a 
test in which the screen grid plasma sheath of ( thrustr' was 
probed as the beam current was varied are shown Grid 
performance obtained with a grid machined from glass ceramic 
is discussed The effects of copper and nitrogen impurities on 
the sputtering rates of thruster materials are measured expenmen 
tally and a model describing the rate of nitrogen chemisorption 
on materials m either the beam or the discharge chamber is 
presented The results of optimisation of a radial field thrustei 
design ere presented Performance of this device is shown to 
be comparable to that of a divergent field thiuste' and efficient 
operation with thn screen grid biased to floating potential where 
■Is susceot.bility tc sputter erosion damage >s reduced is 
demonstrated Author 
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N79 19073*# Lockheed Missiles and Space Co Huntsville 
Ala Research and Engineering Center 

STRUCTURAL ANALYSIS OF CYLINDRICAL THRUST 
CHAMBERS. VOLUME 1 Final Report May 1978 Mar 

1979 

W H Armstrong Mar 1979 52 p refs 
(Contract NAS3 213611 

(NASA CR 159522 LMSC HREC TR 056882/ Vol II Avail 
NTIS HC A04 MF A01 CSCL21H 

Life predictions of regeneratively cooled rocket thrust 
chambers are normally derived from classical material fatigue 
principle: The failures observed in experiment*! thrust chambers 
do not appear to be due entirely to material fatigue The chamber 
coolant walls in the failed areas exhibit progressive bulging and 
thinning during cyclic firings until the wall stress finally exceeds 
the material rupture stress and failure occurs A preliminary 
analysis of an oxygen free high conductivity (OFHCI copper 
cylindrical thrust chamber demonstrated that the inclusion of 
cumulative cyclic plastic effects enables the observed coolant 
wall thmout to bn predicted The thinout curve constructed from 
the referent analysis of 10 fi-ing cycles was extrapolated from 
the tenth cycle to the 200th cycle The preliminary OFHC copper 
chambei 10 cycle analysis was extended so that the extrapolated 
thinout curve could be established by performing cyclic analysis 
of deformed configurations at 100 and 200 cycles Thus the 
original range of extrapolation was reduced and the thinout curve 
was adjusted by using calculated thinout rates at 100 and 
100 cycles An analysis of the same underformed chamber model 
constructed of half hard Am/irc to ..tudy the effect of material 
properties on the thinout curve is included A R H 


N79 19074*# Aerotet Liquid Rocket Co Sacramento Calif 

ADVANCED ENGINE STUDY FOR MIXED MODE ORBIT 
TRANSFER VEHICLES Final Report 

J A Mellish Dec 1978 228 p refs 
I Contract N A S3 210491 

INASA CR 1594911 Avail NTIS HC AU/MF A01 CSCL 
2 1 H 

Engine design performance weight and envelope data were 
estab'ished for three mixed mode orbit transfer vehicle engine 
candidates Engine concepts evaluated are the tripropellant 
dual expander end plug cluster Oxygen RP 1 and hydrogen are 
the propellants considered for use in these engines Theoretical 
performance and propellant properties were established for 
bipropellant and tripropellant mixes of these propellants RP 1 
hydrogen and oxygen were evaluated as coolants and the 
maximum attainable chamber pressures were dete-mined for each 
engine concept within the constraints of the propellant properties 
and the low cycle thermal fatigue 1300 cycles) requirement The 
baseline engine design and component operating characteristics 
are determined at a thrust level of 88 964N (20 000 Ibsl and a 
thrust split of 0 5 The parametric data ts generated over ranges 
of thrust and thrust split of E6 7 to 400kN (15 to 90 klb) and 
0 4 to 0 8 respectively A R H 


N79 26110‘a Colorado State Univ Fort Collins Dept of 
Mechanical Engineering 

INERT GAS THRUSTERS Annual Report 

Harold R kaufman Nov 1978 88 p refs 
Grant NsG 3011 

i NASA CR 159527 Avail NTIS HC A05 MF A01 CSCL 

31 H 

Inen gar thrusters have continued to be of terest for space 
propulsion applications Xenon is of interest in that its physical 
i haiai tenst'cs are well suited to propulsion High atomic weight 
and low tankage Iractio wore ma| 0 r factors in this chorcB If a 
aige amount of propellant was required so that cryogenic storage 
was p'actica 1 argon is a more economical alternative Argon 
was also the preferred propellant lor ground applications of thruster 
technology such as sputter etching and deposition Additional 
magnetic held measurements are reported These measurements 
should be ol use in magnetic f.eld design The diffusion of elections 
through the magnetic field above mulppole anodes was studied 
in detail The data wen consistent with Bohm diffusion across 
a magnetic field The theoiy based on Bohm diffusion was simple 
and easily used fo' diffusion calculations Limited startup data 


were obtained for mufhpole discharge chambers These data were 
obtained with refractory cathodes but should be useful in 
predicting the upper limits for starting with hollow calhodes 

JAM 


N7S 28224*# Aerojet Liquid Rocket Co Sacramento Calif 

UNCONVENTIONAL NOZZLE TRADEOFF STUDY 

C J OBnen Jul 1979 311 p refs 
(Contract NAS3 201091 

(NASA CR 1595201 Avail NTIS HCA14 FiFAOl CSCL 2 1 H 
Plug cluster engine design performance weight envelope 
operational characteristics development cost and payload 
capability, were evaluated and compansons we>e made with 
other space tug engine candidates using oxygen/ hydroger 
propellants Parametric performance data were generated for 
existing developed or high technology thrust chambers clustered 
ground a plug nozzle of very large diameter The uncertainties 
in the performance prediction of plug clustei engines with large 
gaps between the modules (thrust chambers! were evaluated 
The maior uncertainty involves the aerodynamics ol the flow 
from discrete nozzles and the lack of this flow to achieve the 
pressure ratio corresponding to the defined area ratio for a plug 
clustei This uncertainty was reduced through a cluster design 
that consists of a plug contour that is formed from the duster 
of high area ratio bell nozzles that have been scarfed Light weight 
high area ratio bell nozzles were achieved through the use of 
AGCarb Icarbon caibon cloth) nozzle extensions Author 


N79 31341*# Sundstrand Corp Rockford III 

LIQUID OXYGEN LIQUID HYDROGEN BOOST VANE PUMP 
FOR THE ADVANCED ORBIT TRANSFER VEHICLES 
AUXILIARY PROPULSION SYSTEM 

F Gluzek R G Mokadam I H To J D Stanitz and J 
Wollschiagei Sep 1979 138 p refs 

(Contract NAS3 20401) 

INASA CR 159648! Avail NTIS HC A07/MF A01 CSCL 
21H 

A rotating positive displacement vane pump with an integral 
boost stage was designed to pump saturated liquid oxygen and 
liquid hydrogen for auxiliary propulsion system of orbit transfer 
vehicle This unit is designed to ingest 10% vapor by volume 
contamination free liquid oxygen and liquid hydrogen The final 
pump configuration and the predicted performance are included 

A W H 


A79-22396 " Convective heat flux in a laser heated thruster 

P K S Wu (Physical Sciences Inc Woburn. Mass.) Journal of 
Si>aceirafr and Rockers vol 16. Jan Feb 1979 p 56 58 7 refs. 
Contract No NAS3 19728 

An analysis is performed to estimate the convective heating to 
the wall in a laser heated thruster on the basis of a solution of the 
lammar boundary lavei equations with variable transport properties. 
A local similianty approximation is used, and it is assumed that the 
gas phase i* in equilibrium For the thruster described by Wu (1976). 
the temperature and pressure distributions along the nozzle are 
obtained from ihe core calculation The similarity solutions and heat 
flux are obtained from the freestream conditions of the boundary 
layer, in order to determine if it is necessary to couple the boundary 
losses directly to the core calculation In addition, the effects of mass 
infection on the cc heat transfei across the boundary layer 

with large density vise*. nduct gradient are examined P T H 


A 795 1907 * Hydrogen recombination in sealed nickel 

cadmium aerospace cells. P F Rittcrman |TRW Defense and Space 
Systems Gioup, Redondo Beach, Calif I In Inteisociely Energy 
Dinveision Engineering Conleteno !4tn Buston. Mass August 
510 1979. Proceedings Volume 2 l A79 5 1 726 23 44| W Islington, 
DC. Amein'jn Chemical Society. 1979. p 1288 1291 Cool i act No 
NAS3 21203 

The papei picsei'ts a mechanism winch , liters inexplanjt an of 
•he observed behavior ol nickel cadmium cells dunng voltage 
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reversal. Con'* ant current reversals using aerospace Ni-Cd cells 
showed that at rates of C/100 ami temperatures ol 20 C. a steady 
condition ol constant pressure is achieved with continuous over- 
discharge Results of a test employing a battery pack of thirteen 24 
Ah cells at 10 C showed that: (1) no net evolution of H occurs in 
Ni Cd cells during overdisci <?rge, (2) as H pressure increases the rate 
of pressure rise decreases, and 13) after attaining pressure equilibrium 
at a given overdischarge rate, a pressure decrease is noted when the 
discharge is lowered. Other tests using varying overdischarge rates 
were examined and have resulted in the development of a laboratory 
cell with a safe overdischarge capability of C/20 which is three times 
as great as state-of the-art Ni-Cd cells. C.F.W. 


A79-51911 * Some practical observations on the accelerated 

testing of Nickel-Cadmium Cels. P. P McDermott (Co ppm State 

College, Baltimore, Md.l. In: Intersociety Energy Conversion Engi- 
peering Conference, 14th, Boston. Mass., August 5-10. 1979, 
Proceedings. Volume 2. (A 79- 5 1 7 2t3 23-44) Washington, D C.. Amet 
can Chemcal Society. 1979, p. 1X5-1309. 12 refs. Grant No. 
NsG 5051. 

A large scale test of 6.0 Ah Nickel-Cadmium Cells conducted at 
the Naval Weapons Support Center, Dane. Indiana has demonstrated 
a methodology for piedictmg battery life based on failure data from 
cells cycled in an accelerated mode After examining eight variables 
used to accelerate failure, it was determined that temperature and 
depth ot discharge were the most reliable and efficient parameters 
for use in accelerating failure and for predicting life, (Author) 
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23 CHEMISTRY AND MATERIALS 
(GENERAJ 

Includes biochemistry and organic chemistry 


N79-1 1 1 1t’# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

A STUDY OF VARIOUS SYNTHETIC ROUTES TO PRODUCE 
A HALOGEN LABELED TRACTION FLUID 

William R Jones. Jr and Hans Zimmer Nov 1978 10 p rets 
(NASA TM 79024 E 382 1 ) Avail NTIS HC A02/MF A01 
CSCL 07 C 

Several synthetic routes were studied tor the synthesis ot 
the compound 1 1 3 tnmethyl 1 3 dicyclohexyl 2 chloropropane 
This halogen labeled fluid would be ot use in the study ot high 
traction lubricants under elastohydrcdynamic lubrication conditions 
using infrared emission spectroscopy The synthetic routes 
included dimerization of alpha methylstyrene methanol addition 
to alpha methylstyrene a Wittig reaction and an organometallic 
approach Because of stenc hindrance and competing reactions 
none of these routes were successful Author 


N79-21 129*# National Aeronaum.; and Space Administration 
Lewis Research Center Cleveland. Ohio 

THREF. METHODS FOR IN SITU CROSS-LINKING OF 
POLYVINYL ALCOHOL FILMS FOR APPLICATION AS 
ION CONDUCTING MEMBRANES IN POTASSIUM HY- 
DROXIDE ELECTROLYTE 

Warren H Philipp end Li-Chen Hsu Apr 1979 18 p refs 

(NASA TP 1407 { 97781 Avail NTIS HC A02/MF A01 CSCL 
070 

Three methods of in situ r-oss-linking polyvinyl alcohol 
films are presented They —« 111 acetaltzation wth a dialdehyde 
such as glutaraldehyde l2) acetalization with a dehyde groups 
formed by selective oxidative cleaving of the few percent of 
1 .2 diot units present in polyvinyl alcohol and 131 cross-linking 
by hydrogen abstraction by reaction with hydrogen atoms and 
hydroxyl radicals from irradiated water For the third method, 
improvement in film conductivity in KOH solution at the expense 
of mechanical strength is obtained by the presence of polyacrylic 
acid m the polyvinyl alcohol films Resistivities in 45 oercent 
KOH are given for in situ cross-linked films prepared by each of 
the three methods Author 


N79 22194'| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

IMPROVED ADHERENCE OF SPUTTERED TITANIUM 
CARBIDE COATINGS ON NICKEL AND TITANIUM BASE 
ALLOYS 

Oonald R Wheeler and William A Bramard Apr 1979 18 p 

refs 

l NASA TP 1450 E 98381 Avail NTIS HCA02/MFA01 CSCL 
1 1F 

Rene 41 and Ti 6AI 4V alloys were radio frequency sputter 
coated with titanium carbide by several techniques in order to 
determine the most effective Coatings were evaluated in 
pin on disk tests Surface analysts by X ray photoelectron 
spectroscopy was used to relate adherence to interfacial chemistry 
For Rene 41 good coating adherence was obtained when a 
small amount of acetylene was added to the sputtering plasma 
The acetylene carburized the alloy surface and resulted in better 
bonding to the TiC coating For Ti 6AI 4V the best adherence 
and wear protection was obtained when a pure titanium 
interlayer was used between the coating and the alloy The 
interlayer is thought to prevent the formation of a brittle 
fracture prone aluminum oxide layer Author 


N7t-240S1*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

POLVIMIDE PREPREG MATERIAL HAVING IMPROVED 
TACK RETENTION Patent AppS c MIo n 

T T Serafim and P Deluigt. inventors (to NASA) Filed 6 Apr 
1979 10 p 

(NASA Case LEW 12933-1. US-Patent Aopl «w 3x.zb57l Avail 
NTIS HC A02/MF A01 CSCL 07C 

A composition of the type disclosed in U S Pater.t 3 745.149 
and which includes a polyfunction el eater, a polyfunctions! amine, 
and an end-capping agent, is impregnated into fibers or fabric 
and heated to form prepreg material The tack retention 
characteristics of this praprsg material are improved by incorpora- 
ting into the composition a liquid olefinic malarial compatible 
with the other ingredients of the composition The piepreg material 
is heated at a higher temperature to affect formation of the 
polyimide ruin and the monomeric additive is incorporated in 
the polyimide polymer structure NASA 


N7t-27242*| National Aeronautics and Space Administration 
Lewis Research Center. Oeveland. Ohio 

ELECTROCHEMICAL FLUORINATION OF TRICHLOROETH 
YLENE AND N. N DIME THYLTRIF LUORO ACE TAM IDE 

Lr-chen M* 1979 .14 p refs Presented at the 155th Meeting 

of the Elsctrochem Soc Boston 6-11 May 1979 

(NASA TM 79188 E-057) Avail NTIS HC A02/MF AOI CSCL 

07C 

Fluormation of trichloroethylene and N. N-di- 
methyltrifluoroacetamide was carried out on a laboratory scale 
in an advanced Simons type electrochemical apparatus which 
could be operated automatically from ambient to 50 psi 
pressure A variety of fluorine-substituted products are formed, 
depending upon electrolysis conditions and concentrations of 
reactant relative to the NaF. KF. HF electrolyte A new reaction 
mechanism of electrochemical fluormation of trichloroethylene is 
proposed The solvency to-fluonne content relationship of 
fluormated N N-dimethyltrifluoroacetamide is described Author 


N79-31345*||( National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

CURING AGENT FOR POLYEPOXIDES AND EPOXY RESINS 
AND COMPOSITES CURED THEREWITH Patent Applies 

tion 

T T Serafim and P Delvigs. inventors (to NASA! Filed 30 Aug 
1979 14 p 

INASA Case LEW 12226 1 US Patent Appl SN 07077 1 1 Avail 
NTIS HC A02/MF A01 CSCL 07C 

A curing agent for a polyepoxide is described which contains 
a divalent aryl radical such as phenylene and a tetravalent aryl 
radical such as a tetravalent benzene radical An epoxide is 
cured by admixture with the curing agent The cuied epoxy 
product retains the usual properties of cured epoxides and. in 
addition has a high char residue after burning on the order of 
45% by weight The high char residue is of value in preventing 
release to the atmosphere of carbon fibers from carbon fiber-epoxy 
resin composites in the event of burning of the composite 

NASA 


N79-3134S*rfl National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SURFACE CHEMISTRY OF IRON SLIDING IN AIR AND 
NITROGEN LUBRICATED WITH HEXADECANE AND 
HEXADECANE CONTAINING DIBENZYL DILSULFIOE 

Donald R Wheeler Sep 1979 15 p refs 

INASA TP 1545 E 99561 Avail NTIS HC A02MF A01 CSCL 

1 1 G 

Wear experiments were conducted on iron sliding in 
hexadecane and hexadecane plus one weight percent dibenzyl 
dilsulfide I0B0SI in atmospheres of air and nitrogen at room 
temperature The wear scars and (he wear debris were analyzed 
by X ray photoelectron spectroscopy The presence ol air reduced 
wear but increased friction while DBDS reduced (notion but 
had 1 ’tie effect on wear except that the wear increased somewhat 
when 0BDS was used in air Wear scar analysis indicated that 
oxygen and sulfur competed chemically for the Surface with 
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tli* o*ide predominating | nw »m wan aaaonatad with a thick 
Oaiiiv iayer ana low friction with e thin pieoominantly sulfide 
layer Analysis of the weai debris indicated the presence of a 
sulfate in the high woar case (hesedecane plus DBDS in air), 
and showed the presence of an organic sulfide in the low wear 
ca>a 1 1 ‘•xaclecane plus DBDS in nitrogenl Author 


A79-14798 * a Adhesive bonding of ion beam textured metals 

and fluoropolymers. M J Mirtich and J. S. Sovey (NASA. Lewis 
Research Center, Cleveland. Ohio). American Vacuum Society, 
National Vacuum Symposium. 25th, San Francisco, Calif.. Nov. 
28 Dec I, 1978. Paper 13 p 12 refs. 

An electron bombardment argon ion source was used to ion-etch 
various metals and fluoropolymers. The metal and fluoropolymers 
were exposed to (0 5 to 1.0) -keV Ar ions at ion current densities of 
0 2 to 1 5 mA/sq cm for various exposure times The resulting 
surface texture is in the form of needles or spires whose vertical 
dimensions may range from tenths to hundreds of micrometers, 
depending on the selection of beam energy, ion current density, and 
etch time The bonding of textured surfaces is accomplished by 
ion beam texturing mating pieces of either metals or fluoropolymers 
and applying a bonding agent which wets in and around the 
microscopic conelike structures After bonding, both tensile and 
shear strength measurements were made on the samples. Also tested, 
tor comparison s sake, were untextured and chemically etched 
fluoropolymers The results of these measurements are presented in 
this paoei (Author) 


A 79 32924 * The catalysia of nucleotide polymerization by 

compcrndi of divelent lead. H. L. Sleeper and L. E. Orgel (Salk 

Institute for Biological Studies. San Diego, Calif.). Journal of 
Molecular Evolution, vol. 12. Aor 12. 1979, p. 357-364. 11 rets. 
Grant No NGR-05-067 001. 

The nonenzymatic, nontemplate catalysis of nucleotide poly- 
merization by Pb(2+) ions, a possible prebiotic catalyst, is reported. 
Adenosine and uridine phosphoimidazoles were reacted in buffered 
solutions of lead salts and products were analyzed by means of paper 
chromatography and electrophoresis. In the presence of Pb(2*l ion 
at pH 8.0 and 7.0 the reaction is found to progress rapidly with 
excellent yields of oligomers, with optimal yields observed at pH 8.0. 
Little temperature dependence in the range 0 to 30 C is observed, 
however hydrolysis of the reaction products is minimal when the 
reaction is carried out at 0 C. Results show that the yield of 
oligomers is insensitive to mixing or the source of lead ions, 
indicating that naturally occurring minerals or precipitates could be a 
source of Pb(2+) ions under prebiotic conditions. (Author) 


A79 14951 * x Application of ion chromatography to the 
study of hydrolysis of some halogenated hydrocarbons at ambient 

temperatures. D A Otterson (NASA. Lewis Reseaich Center. 
Cleveland. Ohio). Dionex Corp. Symposium on Ion Chromatog 
raphy Sunnyvale Calif. June 21. 1978 Pape 23 p. 10 refs. 


A79- 27232 * Coatings for wear and lubrication. T Spalvins 

(NASA. Lewis Research Center, Cleveland, Ohio). I International 
Conference on Metallurgical Coatings San Francisco. Calif., Apr. 3-7. 
1978.) Thin Solid Films, vol. 53. 1978. p 285-300 43 refs. 

In this paper we review the recent advances in the tribological 
uses of R.F sputtered and ion-plated films of solic film lubricants 
(laminar solids, soft metals, organic polymers! and vear resistant 
refractory compounds (carbides, nitrides, silicides). The .muttering 
and ion-plating potentials and the corresponding coatings formed are 
evaluated relative to the friction coefficient, wear endurance lit.’ and 
mechanical properties The tribological and mechanical properties of 
each kind of film are discussed in terms of film adherence, 
coherence, density, gram size, morphology, internal stresses and 
thickness and substrate conditions such as temperature, topography, 
chemistry and d.c. biasing The ion-plated metallic films in addition 
to improved tribological properties also have better mechanical 
properties such as tensile strength and fatigue life (Author) 


A79-49S36 * » Electrochemical fluorination of trichloro- 
ethylene and N, N dimethyltrifluoroacetamide. L C Hsu (NASA. 
Lewis Research Center Cleveland Ohio) Electrochemical Society 
Meeting 155th Boston, Mass. May 6 11. 1979. Paper 12 p 6 refs 
The paper presents the results of experiments concerning the 
fluoi ination of trichloroethylene and N. N dimethyltrifluoro- 
acetarmde earned out on a laboratory scale in an advanced S mons' 
type electrochemical apparatus which could be operated auto 
matically from ambient to 50 psi pressure It is shown that a variety 
of fluorine substituted products are formed depending upon elec 
trolysis conditions and concentrations of reactant relative to the 
NaF. KF. HF electrolyte A new reaction mechanism of electro 
chemical fluorination of trichloroethylene is proposed Finally the 
solvency to-fluorme content relationship of fluormated N. N 
dimethyltrifluoroacetamide is described U f P 
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24 COMPOSITE MATERIALS 

Includes laminates 


N76 16167*# National Aeionautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

DYNAMIC MECHANICAL ANALYSIS OF FIBER REIN 
FORCED COMPOSITES 

Katherine E Reed 1979 20 p refs Presented at 34th Ann 
Conf ol Reinforced Plastics/ Composites of the Inst of the Soc 
of the Plastics Industry Inc New Orleans La 29 Jan ■ 2 Feb 
1979 

(NASA TM 79033 E 9831) Avail NTIS HC A02/MF A01 
CSCL 110 

Dynamic mechanical and thermal properties were determined 
for unidirectional epoxy/ glass composites at various fibar 
orientation angles Resonant frequency and relative logarithmic 
dacrement were measured as functions of temperature In low 
angle and longitudinal specimens a transition was observed above 
the resin glass transition temperature which was msnifested 
mechanically as an additional damping peak and thermally as a 
change in the coefficient of thermal expansion The new transition 
was attributed to a heterogeneous resin matrix induced by the 
fiber The temperature span of the glass rubber relaxation was 
found to broaden with decreasing orientation angle, reflecting 
the growth of fiber contribution and exhibiting behavior similar 
to that ol Young s modulus The change in resonant frequency 
through the glass transition was greatest for samples of 
mtei mediate fiber angle demonstre'mg behavior similar to that 
of the longitudinal shear modulus Author 


N79 16076*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECTS OF GRAPHITE FIBER STABILITY ON THE 
PROPERTIES OF PMR POLYIMIDE COMPOSITES 

Peter Delvigs William B Alston (Army Aviation Res and Develop 
Command Cleveland Ohio) and Raymond D Vannucci 1979 
18 p refs To be presented at the 24th Natl SAMPE Symp 
San Francisco 8 10 May 1979 

(NASA TM 79062 E 9877 AVRADCOV TR 78 621 Avail 
NTIS HC A02/MF A01 CSCL 1 1 D 

The effect of the stability of graphite fibers on composite 
properties after exposure in air at 600 F was investigated 
Composites were fabricated from PMR 15 and PMR 2 monomer 
solutions using HTS 2 and Celion 6000 graphite fibers as the 
reinforcement The effect of long term exposure in air at 600 F 
on composite weight loss and mechanical pioperiies was 
determined These composites exhibited a significantly increased 
lifetime at that temperature compared to composites fabricated 
from HTS fiber sold prior to 1975 The effect of the PMR- 15 
and PVR II resin compositions on long term composite perform 
ance at 600 F is also discussal A R H 


N79 16076*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SOME PROPERTIES OF AN ADVANCED BORON FIBER 

Oonald R Behrendt 1979 1 1 p refs Presented at the Meeting 
of the Am Ceramic Soc Merritt Island Fla 22 24 Jan 1979 
i NASA TM 79065 E 98811 Avail NTIS HC A02MF A01 
CSCL 1 ID 

An advanced coreiess boron fiber exhibits tensile strengths 
which are more than twice that uf the normal CVD B W fibers 
The coreless liber is made bv the chemical removal of the tungsten 
boride core exposed by splitting the as grown fiber The easily 
splittabie fiber is made by the chemical vapor deposition ol 
boron on a larger than usual tungsten substrate It is expected 
that the ease of splitting is related to residual stresses in these 
fibers Measurements of the axial residual stresses in both the 
normal and the splittabie fibers are presented and the results 
compared Differences in these stresses are discussed in 
connection with the ease of splitting m the splittabie fibers 

A R H 


N7B- 1B077*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

HIGH TEMPERATURE DYNAMIC MODULUS AND DAMP 
ING OF ALUMINUM AND TITANIUM MATRIX COM 
POSITES 

J A OiCerlo and J E Maisel (Cleveland State Umv I 1979 
37 p rets Presented at the Symp on Advanced Fibers and 
Composites for Appl at Elevated Temp New Orleans. 18 22 Feb 
1979 sponsored by the Met Soc of AIME 
(NASA TM 79080 E 99011 Avail NTIS HC A03/MF A01 
CSCL 110 

Dynamic modulus and damping capacity property data were 
measured from 20 to over 500 C for unidirectional B/AI (1 1001. 
B/AI (60611 B/SiC/AI (60611. AI203/AI SiC/Ti 6AI 4V. and 
SiC/Ti composites The measurements were made under vacuum 
by the forced vibration of composite bars at free-free flexural 
resonance near 2000 Hi and at amplitudes below 0 000001 
Whereas little variation was observed in the dynamic moduli of 
specimens with appioximately the same fiber content (50 percent), 
the damping of B/AI composites was found at all temperatures 
to be significantly greater than the damping of the AI203/AI 
and SiC/Ti composites For those few situations where slight 
deviations from theory were observed, the dynamic data were 
examined for information concerning microstructural changes 
induced by composite fabrication and thermal treatment The 
270 C damping peak observed in B/AI (6061) composites after 
heat treatment above 460 C appears to be the result of a 
change in the 6061 aluminum alloy microstructure induced by 
interaction with the boron fibers The growth characteristics of 
the damping peak suggest its possible value for monn ung fiber 
strength degration caused by excess thermal treatment during 
B/AI (60611 fabrication and use SES 


N79 16918*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

CHARACTERIZATION OF PMR POLYIMIDES CORRELA 
TION OF ESTER IMPURITIES WITH COMPOSITE PROPER 
TIES 

R W Lauver and R D Vannucci 1979 12 p refs To be 

presented at the 24th Natl SAMPE Symp San Francisco 
8 10 May 1979 

INASA TV 79068 E 9884! Avail NTIS HC A02 MF AO! 
CSCL 1 ID 

The presumed relationship of chemical impurities to final 
composite properties was investigated for PMR potyirmde resin 
Ester acid solutions of one monomer were aged at selected 
temperatures and chemical changes were monitored spectroscop 
ically At selected intervals graphite fiber re nforced composite 
panels were fabricated Changes in resin pro-: ess ng characteristics 
and composite properties were determine*! The correlation of 
these data are discussed as are related charectentation studies 
of PMR polyimide resin A R H 


N79 16919*|* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PREDICTION OF PROPERTIES OF INTRAPLY HYBRID 
COMPOSITES 

C C Chamis and J H Sinclair 1979 19 p refs Presented 
at the 34th Ann Conf of the Reinforced Plastics/ Composite 
Inst New Orleans 29 Jan 1979 2 Feb 1979 

(NASA TM 79087 E 99111 Avail NTIS HC A02/MF AOI 
CSCL 1 ID 

Equations based on the mixtures rule are presented for 
predicting the physical thermal hygral and mechanical properties 
of unidirectional mtraply hybrid compusites IUIHCI from the 
corresponding properties p* 'heir constituent composites Bounds 
were derived for uniaxial longitudinal strengths tension, cnmpres 
sion and flexure of LJIHC The equations predict shear and flexural 
properties which agree with experimental data from UIHC Use 
of these equations m a composites mechanics computer code 
predicted flexuial moduli which agree with experimental data 
from various inner' hybrid xngleplied laminates (IHALI It is 
indicated briefly <w th«c» equations can 6* used ,n conjunction 
with composite mechanics and structural analysis during the 
analysis design process Author 
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N79 16920* if National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

RESIN 'FIBER THERMO OXIDATIVE INTERACTIONS IN 
FMR POLYMIDE GRAPHITE COMPOSITES 

William B Alston 1979 13 p refs To be presented at the 

24th SAMPE Symp . San Francisco. 8 10 May. 1979 Prepared 
in part by Army Aviation Res and Develop Command. Cleveland 
Ohio 

INASA TM 79093 AVRADCOM TR 79 6 E-991 71 Avail 
NTIS HC A02/MF A01 CSCL 110 

The amounts of resin weight loss and fiber weight loss in 
four PMR polyimide graphite fiber composites were calculated 
from the composite weight losses and the fiber/ resin ratios of 
the composites after long term thermo-oxidative aging in 600 F 
air The accelerating effect of graphite fiber on resin weight 
loss compared to neat resin weight loss, indicated the presence 
of a deleterious resin/ ‘iber thermo-oxidative interaction, presuma- 
bly due to fiber impurities Similarly, the decelerating effect of 
the protective matrix resin on fiber weight loss, compared to 
bare fiber weight loss was also demonstrated The amount of 
hydrazine indigestible resin and the amount of loose surface 
graphite fioer that formed during 600 deg F exposure of the 
composites were quantitatively determined The indigestible 
residual resin was also qualitatively studied by scanning electron 
microscopy Author 


N79 1692 1*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

STABILITY OF PMR POLYIMIDE MONOMER SOLUTIONS 

Richard W Lauver William B Alston and Raymond D Vannucci 
1979 15 p refs Prepared in part by Army Aviation Res and 
Develop Commdnd. Oeveland 

(NASA TM 79063 E 9878 AVRADCOM TR 78 631 Avail 
NTIS HC A02/MF A01 CSCL 1 1 D 

The stability of alcohol solutions of norborneyl capped 
PMR polyimide resins eras monitored during storage at ambient 
and subambient temperatures Chemical changes during storage 
were determined spectroscopically using nuclear magnetic 
resonance Resin processability and cured resin quality were 
determined by fabrication of unidirectional, graphite fiber 
composites using aged solutions and testing of selected composite 
properties PMR 15 solutions exhibit nominally two weeks of 
useful life and PMR 2 solutions exhibit nominally two days of 
useful life at ambient conditions The limiting factor is precipitation 
of imide reaction produces from (he monomer solutions Both 
solutions exhibit substantially longer useful lifetimes in subambient 
storage PMR 15 shows no precipitation after several months 
storage at subambient temperatures PMR 2 solutions do 
exhibit precipitates after extended subambient storage, however 
the precipitates formed under these conditions can be redissolved 
The chemical implications of these observations are discussed 

LS 


N79 17916* National Aeronautics and Space Administration 

Lewis Research Center Claveland Ohio 

METHOD OF MAKING BEARING MATERIALS Patent 

Harold E Slrney inventor (to NASA) Issued 23 Jan 1979 
5 p Filed 13 Dec 1977 Division of US Patent Appl SN-764245 
filed 31 Jan 1977 which is a division of abandoned US Patent 
Appl SN 616528 filed 25 Sep 1975 which is a division ol 
US Patent Appl SN 513611 filed 10 Oct 1974 US Patent 3 
953 343 

iNASA Case LEW 1 1930 4 US Patent 4 136 21 1 
US Patent Appl SN 860406 US Patent Class 427 34 
US Patent Class ..2122 US Patent Class 308 78 
US Patent Class J08 87R US Patent Class 308 168 

US Patent Class 308 171 US Patent Class 308 DIG 8 

US Patent Class 308 DIG 9 US Patent Class 427 292 
US Patent Class 42 7 327 US Patent Class 427 328 

US Patent Class 42 7 355 US Patent Cass 427 376B 

US Patent Oass 427 376C US Patent 3 953 343 
US Patent Appl SN 764245 US Patent Appl SN 616528 
US Patent Appl SN 5136111 Avail US Patent and Trademark 
Office CSCL 1 ID 

A method is described fo> making a composite material which 
provides low friction surfaces for materials in rolling or sliding 


contact The composite material which it self lubricating and 
oxidation resistant up to and in excess ol about 930 C is comprised 
of a metal component which lends strength and elasticity to 
the structure and a fluorine salt component which provides 
oxidation protection to the metal but may also enhance the 
lubrication qualities of the composite 

Official Gazette of the U S Patent and Trademark Office 


N7S-121S0*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland. Ohio 
STATUS REVIEW OF PMR POLYIMIDE* 

Tito T Serafmi 1978 8 p refs Proposed for presentation at 

the Symp on Resins for Aerospace at the Am Chem Soc /Chem 
Soc of Japan Chem Congr Honolulu 1-6 Apr 1979 
(NASA TM 79039 E 9841) Avail NTIS HC A02/MF A01 
CSCL 11 D 

The current status of first and second generation PMR 
puiyimides are reviewed Synthesis processing and applications 
were considered using prepreg materials based on processable 
high temperature resrstant polyimides JAM 


N79 121S3*j|l National Aeronautics and Space Administration 
Lewis Research Center Oeveland. Ohio 

EVALUATION OF MANUFACTURING PROCESSES TOR 
BORON/ALUMINUM COMPOSITES CONTAINING 0.2 mm 
DIAMETER BORON FIBERS 

Thomas J Moore and Paul E Moorhead Nov 1978 55 p 
(NASA TM 79008 E 97921 Avail NTIS HC A04/MF A01 
CSCL 110 

The effects of starting materials and fabrication techniques 
on the properties and cost of producing boron/ aluminum (B/AI) 
composite panels containing 0 2-mm-diameter boron fibers are 
evaluated The boron fibers ware obtained from a single 
supplier Five kinds of B/AI tape were used to produce 105 
8 ply panels Consolidation was accomplished by hot pressing 
in air or in vacuum Nondestructive and destructive tests included 
room temperature tensile tests On the basis of an evaluation of 
the test results and relative cost estimates, two kinds of tape 
were selected for use fugitive binder tape r'd drv wov :jpe 

G G 


N79 12164*| National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

FRACTURE MODES IN OFF AXIS FIBER COMPOSITES 

J H Sinclair and C C Charms 1978 25 p refs Proposed 
for presentation at the 34th Ann Cont of 'he SPI Reinforced 
Plastics/ Composites Inst New Orleans 29 Jan 2 Feb 1979 
INASA TM 79036 E 9836) Avail NTIS HC A02'MF A01 
CSCL 1 1 D 

Criteria were developed for identifying characterizing and 
quantifying fracture modes in high modulus graphite fiber/resin 
unidirectional composites subjected to off axis tensile loading 
Procedures are described which use sensitivity analyses and 
off axis data to determine the uniaxial strength of fiber composites 
It was found that off axis composi.ss fail by three fracture modes 
which produce unique frecturo surface characteristics The stress 
that dominates each fracture mode and the load angle range of 
its dominance can be identified Linear composite mechanics is 
adequate to describe quantitatively the mechanical behavior of 
off axis composites The uniaxial strengths predicted from off axis 
data are comparable to these measured in > nal tests G Y 


N7B-201SS*! National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

MECHANISMS OF BORON FIBER STRENGTHENING BY 
THERMAL TREATMENT 

J A OiCarto 1979 27 p refs Presented a' 3d Ann Conf 

un Composites and Advanced Mater Merritt Island Fla 
21 24 Jan 1979 Sponsored in part by the Am Ceram Soc 
(NASA TM 79077 E 9894) Avail NTIS HC A03/MF A01 
CSCL 1 1 D 

The fra .lure strain for boron on tungsten fibers was studied 
for improvement by heat treatment under vacuum or ergon 
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environments The mechanical bisn fot thi* improvement la 
that malty induced axirl contraction of tha antira fiber whereby 
• trength controlling cora flaw* ara compressed and fibar fractura 
xtrem incraatad by the valua of tha contraction itram By highly 
aanaitiva measurements of fibtr danaity and voluma. tha 
phyeicel machaniam raaponaibla for contraction undar both 
anviron manta was idantihad na boron atom diffuaion out of tha 
fibar ahaath Tt* fibar contracta hacauaa tha avaraga voluma of 
tha raaultinq microvoid waa daiarrvuitad to ba only 0 26 plua or 
mine* 006 tha avaraga atomic voluma of tha ramovad atom 
Tha bee*c and practical implicationa of thaaa results ara diacuaaad 
with particular amphaaia on tha thaory. uaa. and limitations of 
haat induced contraction at a simple cosi -effective secondary 
processing method Author 


N7B-201S7*f National Aeronautics and Space Admimatrction 
Lewie R aaaar c h Cantai. Cleveland Ohio 

TUMGBTIN Flam REINFOR CEO FeCzAlY: A FIRST 

GENERATION COMPOSITE TURBINE BLADE MATERIAL 

D W Petrasef E A Wins* L J Westfall and R A Signorelli 
1979 27 p rafs Presented at tha 106th Ann meeting of tha 
Am Inst of Mimrv; Met and Petroleum Engr . New Orleans 
IB-22 Fab 1979 

(NASA TM 79094 E 9918) Avail NTIS HC A03/MF A01 
CSCL 1 1D 

Tungsten-fiber/FeCrAlY (W/FeCrAlY) was idantifiad as a 
promising aircraft angina, first generation, turbine blade composite 
material Based on available data. W/FeCrAJY should have tha 
stress-rupture, creep, tensile fatigue and impact strengths 
required for turbine blades operating from 1260 to 1370 K It 
should also have adequate oxidation, hot corrosion, and thermal 
cycling damage resstance as wall as high thermal conductivity 
Concepts for potentially low cost blade tabncatior were developed 
Those concepts ware used to design a first stage JT9D convection 
cooled turbine blade having a calculated 60 K use temperature 
advantage over the direct tonally solidified superaltoy blade LS 


N 79- 20198*f National Aeronautics and Space Administration 
Lewis Research Canter Oevelsnd Ohio 

FABRICATION AND TESTING OF NONGRAPHITIC 
BUPSRHYBAID COMPOSITES 

R F Lark. J H Sinclair and C C Charms 1979 17 p refs 

To ba presented at tha 24th Natl SAMPE Syrup San Francisco. 
8-10 May 1979 

(NASA-TM 79102 E 99261 HC A02/MF A01 CSCL 1 1 D 
Tha fabrication feasibility and the mechanical properties of 
adhesively bonded boron/alummum titanium, nongraphrtic 
fibar/ epoxy ream suparhybnd composite laminates were studied 
for potential aerospace applicctions Tha mator guiding force was 
tha elimination of a potential graphite fibar release problem in 
tha event of a fire Results show that nongraphrtic fibers, such 
as S giaaa and Kevlar 49 can ba subetituted for tha graphite 
fibers used in suparhybnd composites However tha nongraphic 
superhydnde have lower stiffness properties than tha graphitic 
superhybnds In plane and flexural moduli of tha laminates studied 
can ba predicted using linear laminate thaory wh4e nonlinear 
Ismmata thaory is .squired for strength predictions LP 


N79-2221 1*| National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

DEVELOPMENT AND FABRICATION OF HIGH STRENGTH 
ALLOY FIRE R 8 FOR USE IN METAL METAL MATRIX 
COMPOSITES 

G W King (Westinghouse Electric Corp Bloomfield N J I and 
0 W Petrasek 1979 15 p refs Presented at tha 108th 

Ann Meeting of the Am Inst ol Mining Met end Petroleum 
Engr Naw Orleans 10 22 c eb 19 79 

INASATM 79115 E 99511 Avail NTIS HC A02/MF A01 
CSCL I1D 

Metal libai reinforced superelloys are being considered for 
construction of critical components in turbine engines that 
oparata at high temperature The problems nvolvad in fabricating 
refractory matal alloys into wire form in such a manner as to 
maximize than strength properties without developing excessive 


structural defects ara daacribad Tha fundamental pnnciptee 
underlying the development of euch ailoy fibers ara aleo briefly 
discussed Tha prograaa made to data in developing tungsten 
tantalum and coljmbium bate alloys for fiber reinforcement te 
reported and future prospects for alloy fiber development 
coneidered Author 


N79 28234*1 National Aeioneutics and Space Administration 
Lewis Raaaarch Center. Oavaland Ohio 
THERMAL CONDUCTIVITY MEASUREMENTS OF TUN. 
STEN FIBER REINFORCED SUPERALLOY COMPOSITES 
USING A THERMAL CONDUCTIVITY COMPARATOR 
Leonard J Westfall and Edward A Winsa Jul 1979 23 p 

rate 

INASA TP 1445 E 9910) Avail NTIS HC A02/MF A01 CSCL 
110 

The thermal conductivity (TC) of tungsten- fiber reinforced 
superalloys was determined foi two composite systems by using 
a thermal conductivity standard from the National Bureau of 
Standards and a comparator and technique developed for that 
purpose The results ware compared with TC data for tha 
nickel-base alloy MAR-M200 Tha technique lends itself to 
applications involving thin specimens such as thin-walled turbine 
blade* The TCs of the composite systems ware considerably 
higher in both (he longitudinal and transverse directions than 
that of tha monolithic superalloys used as tha matrices Author 


N79 29224*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

COMPUTER AND LABORATORY SIMULATION OF INTlfl 
ACTIONS BETWEEN SPACECRAFT SURFACES AND 
CHARGED PARTICLE ENVIRONMENTS 

N John S’- -ns 1979 39 p refs Presented at 12th Fluio 

and Plasm., Jyn Coni Williamsburg. Vs 24 26 Jul 1979 
sponsored by AIAA 

(NASA TM 79219 E-111) Avail NTIS HC A03/MF A01 CSCL 
22B 

Cases where the charged particle environment acts on tha 
spacecraft le g spacecraft charging phenomena) and cases where 
a system on tha spacecraft causes the interaction la g . high 
voltage space power systemsl ara considered Both categories 
ware studied in ground simulation facilities to understand tha 
processes involved end to measure the pertinent parameters 
Computer simulations sra based on the NASA Charging Analyzer 
Program (NASCAPI code Analytical models ara developed in 
this code and verified agamsi (he experimental data Extrapolation 
from the smell test samples to space conditions are made with 
this code Typical results from laboratory and comouter simulations 
are presented for both types of interactions Extrapolations from 
these simulations to performance in space environments sra 
discussed A R H 


N79 29240*41 National Aeronautics and Space Administiation 
Lewis Reseatch Center Cleveland Ohio 

HIGH CHAR IMIDE MODIFIED EPOXY MATRIX REBINS 

Tno T Serafim Peter Delvigs and Raymond 0 Vannucci 1979 
12 p rail Proposed for presentation at 11th Natl SAMPE 
Tech Coni Boston 13 15 Nov 1979 

(NASA TM 79226 E 1231 Avail NTIS HC A02/MF A01 CSCL 
110 

The synthesis of a class of bislnrude aminel curing agents 
far epoxy matrix resins is discussed Glass transition temperatures 
and char yield data of an epoxy cured with various bislimide 
amines) tie presented The room temperature and 350 F 
mechanical properties and char yields of unidirectional graphite 
hbe laminates piepared with conventional epoxy and imide 
modified epoxy resins arr presented A R H 
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N79 30296’ # Notional Aeronautic* and Space Administration 
Lewis Research Canter. Cleveland Ohio 

FATIGUE BEHAVIOR OF SIC REINFORCED TITANIUM 
COMPOSITES 

R T Bhatt and H H Grimes 1979 19 p rets Presented at 
Symp on Fatigue ol Fibrous Composite Matei San Francisco. 
22 23 May 1979 sponsored by Am Soc lor Testing and 
Mate' 

INASA TM 79223 E 1181 Avail NTIS HC A02/MF A01 CSCL 
110 

The low cycle axial fatigue properties ol 25 and 44 libe> 
volume percent S1C/TII6AI 4V) composites were measured at 
room temperature and at 050 deg C The S N curves lor the 
composites showed no anticipated improvement over bulk ma'ris 
behavior at room temperature Although aaial and transverse 
tensile strength results suggest a degradation in SiC liber strength 
during composite fabrication it appears that the poor fatigue 
life ol the composites was caused by a reduced fatigue resistance 
ol the reinforced Ti(6AI 4VI matrix The reduced matrix behavior 
was due to the presence of flawed and Iractu ed fibers created 
near the specimen surfaces by preparation techniques and to 
the large .esidual tensile stresses that can exist in fiber reinforced 
matrices The effects of fatigue testing at high temperature are 
discussed AWH 


N79 30323" f National Aeronautics and Space Administration 
Lewis Resea' :h Center Cleveland Ohio 

RECENT DEVELOPMENTS IN PMR POLYIMIDES AT NASA 
LEWIS 

T T Serafim In NASA Langley Res Center Graphite/ Polyimide 
Composites Aug 1979 p391 412 refs I For primary document 
see N79 30297 21 241 
Avail NTIS HC A19MF A01 CSCL 110 

The following areas of PMR polyimide research were reviewed 
111 prepreg lack and drape 121 cure temperature i3> solution 
characterisation and 141 elevated temperature composite 
properties Recent hardware applications of PMR 15 by various 
fabricators were also reviewed RES 


N79 3T349*i|l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EVALUATION OF SILICON CARBIDE FIBER TITANIUM 
COMPOSITES 

R W Jech and R A Signorelli Jul 1979 28 p refs 
NASA TM 79232 E 1341 Avail NTIS HC A03 MF A01 CSCL 
110 

l.od impart tensile anu modulus of elasticity were determined 
for silicon carbide nber titanium composites to evaluate their 
potential usefulness as substitutes for titanium alloys or stainless 
steel in stiffness crmcal applications for aircraft turbine engines 
Variations in processing conditions and matria ductility wt’e 
eaarmned to produce composites having good impact strength 
m both the as fabricated condition and after an exposure at 
elevated temperature The impact strengths of composites 
containing 36 volume percent silicon carbide iSrCl fiber in an 
unalloyed IA 40' titanium malna were found to be equal to 
unreinforce l titanium 6 aluminum 4 vanadium alloy the tensile 
strengths of the composites were marginally better than the 
unreinforced unalloyed lA 7 0 • malm at elevated temperature 
though not at room temperature At room temperature the 
modulus of elasticity of the composites wss 48 percent higher 
than titanium or its alloys and 40 percent higher than that of 
stainless steel Author 


A79 15543 " The ettectr ol eccentricities on th* fracture of 

off aais liber composites C l Ch.nu r 1 J M S ncu" iNASA 
Lewis Revi'itich Cei'li ' Mate"U*s jih! Strut lu'm ) V Cleveland 
Ohnjl I" Re i'lniceil f 1 , 1 . ' . 1 -miwtcs Institute A- tua 1 < ■ te< 

errce 33*'t. A .rsh gr LI c Fele . 1 1 ^ r 10 lM7fl Pi I ,,i g l 

IA79 15626 04 24 Nr .s s ^ > , -• Un Pla*.',i s Inbistry I r n 

ly 78. p 77 A 1 tn 77 A b 6 ret 

f n.te eiemer ' t lulvsev i . pe' l»sr mint h "veypyate If lenr e r 
C.sll y I hr i r f r*C t > -I per .1 si Ol. * ' plane s*cl * r . 1 1 *c r Ill I'll ' i| 
ol twisting .enl th.i s ess ' i ♦> is nsi r The i» el -few are I 


sham variations across the width of off axis specimens The results 
ate compared with measured data and are also used to access the 
effects of these eccentricities on the fracture sticss of off axis fiber 
composites Guidelines for detecting and minimizing the presence of 
eccenfticities ate desenbed (Author I 


A79 15545 • * Use of an ultrasonic acoustic technique tor 

nondestructive evaluation of fiber compoute strength. A Vary and 
K J. Bowles INASA, Lewis Research Center. Cleveland. Ohio). In 
Reinforced Plasfics/Composites Institute, Annual Conference. 33rd, 
Washington. D C , February 7 10, 1978. Proceedings (A79 15526 
04 24) New Yoik, Society of the Plastics Industiy, Inc., 1978. p. 
24 A 1 to 24 A 5 5 lets. 

This repoit describes Ihe ultrasonic acoustic technique used to 
measur r a Stress Wave Factor '. In a prior study this factui was found 
effective in evaluating the interlaminar shear strength of fiber 
reinforced composites Details of the method used to measure the 
stress wave factor are described In addition, fiequency spectia ol the 
stress waves are analyzed in older to clarify Ihe naluie ol the wave 
phenomena involved The stress wave lacloi can be measuied with 
simple contact piobes requiring only one side access to a part This is 
lieiiehcial in nondestiuctive evaluations because the waves can run 
parallel to liber directions and thus measure material properties in 
directions assumed by actual loads Moreovei. Ihe technique can be 
apsrlied where conventional through transmission techniques arc 
impractical or where more quantitative data aie required. The stress 
wave factor was measuied for a series of graphitc/polyimidc 
composite panels and results obtained are compared with through 
transmission immersion ultrasonic scans (Author ) 


A79 20836 * Titanium beryllium laminates Fabrication, 

mechanical properties, and potential aerospace applications C C 

Chanus and R F Lark (NASA Lesvis Research Center. Cleveland, 
Ohio) In Selective application o' materials 'oi products and energy 
Proceedings ol the Twenty thud National Symposium and Exhibi 
tiun Anaheim. Calif. May 2 4 1978 IA79 20801 07 231 Azusa. 
Calif. Society loi the Advancement of Material and Process 
Enqinecnng, 1978, p 611 632 5 refs. 

The pape' descnties an invest igut ~ to assess the labncalnlity 
mechanical properties, ind possible aerospace applications ol 
adhesively bonued titanium hei yllium Tibei laminates The results of 
the investigation indicate that structural laminates can be m.. 
which have a modulus nl elasticity compatalile lu steel, frefure 
stienqth computable to the yield strength of titanium density 
comparable lo aluminum, impact resistance compuiable to titanium, 
and little oi no notch ensttivitv These laminates can Itjve stillness 
and weight advantages ovei other materials, including advanceil fine' 
Composites, in some aciospace applications where buckling tesis 
lance vibration' frequencies, and weight considei jtions control the 
design f Author) 


A79 24132 * Effects of moisture profiles and laminate con 

figuration on Ihe hygro stress in advanced composites C C Chaims. 

R F Lu'k and J H Smcla.i INASA Lev s Hesejiih Outer 
Cleveland. Ohio) ' ' Materials syreryisms Proceedings of the Tenth 
Nui una' Technical Conference. Kijmesha Luxe N Y Oclobei 
17 19 19/8 I A79 24076 08 311 Azusa Calif Society tor It Ad 
vancemeru of Material and Process Engineering 1978. p 684 700 
A theoretical investigation was pirrfotmed using a leeenlly ifevel 
uped mtegiated rheuiy for predicting the hygroth. mechanical 
I espouse Ter li.estiqale The effects of three different minstuie tuofrles 
un the ply hygro stresses in angleplied laminates The mr.n*.ture 

IHuflles wen 1 n ii PurjtkTlic and hypertxrliC varying tmm I "* 

at thi exposed ply to 0 percent " the pmtectvd I H 1 The angieplifd 
laminates weie ut two genenc Cunt, gut alio'i*. The results obtained 
aie summarized graphically ic» illuslrali the effects of troth moist ure 
piobie and laminate LO'd'gui atiun tAuthpil 



A79-2613? ‘ » High temperature dynamic modulus and 
damping of aluminum end titanium matrix compontet J A DiCarlo 
(NASA. Lewis Research Center, Cleveland, Ohio) and J, E Marsel 
(Cleveland State University, Cleveland, Ohiol. Metallurgical Society 
ol A I MB, Symposium on Advanced Fillers and Composites for 
Application at Elevated Tempeiamres, New Orleans. La Feb 18 22. 
1929, Paper 36 p 31 refs 

Dynamic modulus and damping capacity property data were 
measuied from 20 to over 500 C for unidirectional 8/AI 11100), 
B/AI (60611, 3/SiC/AI (6061 ), AI203/AI, S,C/Ti-6AI-4V. and SiC/Ti 
compos tes. The measurements were made under vacuum by the 
forced vibration of composite bats at free free flexural resonance 
near 2000 Hr and at strain application below 0.00000! The 
damping of B/AI composites was found at all temperatures to be 
significantly gieate' than the damping of the AI203/AI and SiC/Ti 
composites, with little variation observed 'll the dynamic moduli of 
specimens having almost the same fiber content It is concluded that 
on the practical level, the finding of a damping-strength correlation 
supports the use o' composite damping measurements lor the 
nondestructive evaluation of boron fiber strength in as fabricated and 
heat-treated B Al (60611 composites A. A 


A 79 30396 * « Mechanisms of boron fiber strengthening by 
thermal treatment. J A DiCarlo (NASA, Lewis Research Cent»r, 
Cleveland, Ohio). American Ceramic Society. Annual Conference n 
Composites and Advanced Materials 3rd Merritt Island Fla. Jan. 
2! 24, 1979. Paper. 25 p 19 refs. 

The fracture strain for boron on tungsten fibers can be improved 
by heat treatment under vacuum or argon environments. The 
mechanical basis for this improvement is thermally induced axial 
contraction of the entire fiber, whereby strength-controlling core 
flaws are compressed and ( tier fracture strain increased by the value 
of the contraction strain By highly sensitive measurements of fiber 
density ard volume the physical mechan-sms responsible tor 
contraction under both environments was identified as boron atom 
diffusion out of the fiber sheath The ‘her contracts because the 
average volume of the resulting microvoid was determined to be only 
0 26 • or 0.09 the average atorrvc volume of the removed atom 
The basic and practical implications o‘ these results are discussed 
with particular emphasis on the theory, use, and limitations of 
he t induced contraction as a simple cost-effective secondary 
processing method (Author) 


A79 30397 * Tungs'er. fiber reinforced FeCrAlY - A first 

generation composite turbine blade material D W Petrasek. E A 
Wmsa, L J Westfall, and R A Signorelli (NASA, Lewis Research 
Center Cleveland Ohiol American Institute ol Mining Metallurgical 
and Pc 'oleum Engineers Annual Meeting , 108th New Orleans. La. 
Feh 18 22 1979 Paper 27 p 20 refs. 

General and composite turbine blade material requirements am 
examined to dentily a specific tungsten hber reinforced superallov 
ITFRS) having, in addition to strength, the desued combination of 
othei material propertie needed in turbine blades Experimental 
data indicated that a th ated tungsten liber reinforced FeCrAlY 
matr v composite should have the stress rupture, creep tensile 
latigue and impact strengths required for turbine blades operating 
Irom 1 250 to 1370 X. F abr icahori and design concepts am developed 
to demonstrate the feasibility of fabric sling a hollow TFRS turbine 
blade at reasonable cost A A 


A7930399 * « Status review of PMR polyimrdes T T 

Seratini INASA Lewis Research Center Cleveland. Ohiol American 
Chemical Socetv and Chemnal Souety of Japan Symposiurri on 
Resins for Aerospace Honolulu Ha, van Apr 16 1979 Paper 6 p 
14 lets 

In the NASA developed PMR (pu ymer :at*on of monomei 
leactantsl the reinforcng fibers are impregnated with a solution 
containing a mixture ut monomers dissolved m a low boding point 
alk»l alcohol solvent. With the monomers reacting ms.tu at elevated 


temperatures to form a thermo oxidatively stable pulyimide matrix 
The current status or first and second generation PMR polyimrdes is 
reviewed, considering synthesis and properties, processing, and 
applications It is concluded that the PMR approach offers various 
significant advantages, especially superior high temperature proper 
ties and processing versatility, to fabricators and usersol polyrmido/ 
fiber composites^ A. A. 


A79-31033 * « Mechanics of infraply hybrid composites 

Properties, analysis and design C. C. Chamis and J. H. Sinclair 
INASA. Lewis Research Center, Materials and Structures Div., 
Cleveland, Ohio). In Reinforcing the future. Proceedings of the 
Thrrty-'ourth Annual Conference, New Orleans. La., January 30- 
February 2. 1979. (A79-3I026 12 24) New York, Society of the 
Plastics Industry, Inc., 1979, p 20 E 1 to 20-E 8, 6 rets, 

A mechanics theoty is developed for predicting the physical 
theimal, hygral and mechanical prop- rties (including vanous 
strengths) of unidirectional ir.tiaply I * 1 ' .d composites (UIHCI based 
on unidirectional properties of the constituent composites. Pto- 
cedures are described which can use this theory in coniunctron with 
composite mechanics computer codes and general purpose structural 
analysis finite element programs for the analysis/design of structural 
components made from intraply hybrid angleplied lam nates (IHAL). 
Comparisons with limited data show that this theory predicts 
mechanical properties of UIHC and flexural stiffnesses of IHAL 
which are in good agreement with experimental data. The theory 
developed herein makes it possible to design and uptimue structural 
components from IHAL based on a large class of available con- 
stituent fibers (Author) 


A79-31035 * Fracture modes in off-axis fiber composites. J. 

H Sinclair and C C Chamis (NASA, Lewis Research Center, 
Composites and Structures Branch, Cleveland. Ohio). In Reinforcing 
the future, Proceedings of the Thirty-fourth Annual Conference, 
New Oileans, La., Januar, 30 February 2. 1979 |A79 31026 12 24) 
New Yo'k, ^ocrety of the Plastics Industry, Inc , 1979, p 22 A 1 to 
22 A 11 8 refs. 

Criteria have tieen developed for identifying, characterizing, and 
quantifying fracture modes in high modulus graphite-fiber/resin 
unidirectional composites subiecteo to off axis teasde loading 
Piucedures are descr bed which use sensitivity analyses and off-axis 
data to determine the uniaxial strength of fiber composites, It was 
found that off axis composites fail by three fracture modes which 
produce un.que fracture vuiface chuiactenstics. The stress that 
dominates each fracture mode and rhe load angle >ange of its 
dominance can be identified Lirear composite mechanics is ade- 
quate to describe quantitatively the mechanical liehavior o* off axis 
composites The uniaxial strengths predicted from off axis data aie 
comparable to those measured m uniaxial tests. lAuthorl 


A79-31040 * a Dynamic mechanical analysis of fiber rein- 

forced composites K E Reed (NAS \, Lewis Research Center, 
Materials and Structures Div., Cleveland, Ohio). In Reinfoiwi.; 'he 
future Proceedings of the Thirty fourth Annual Conference, New 
Orleans, La . January 30 February 2, 1979 (A79 31026 12 241 New 
York. Society of the Plastics Industry, Inc., 1979, p 22 G 1 to 22 G 
5. 12 rets 

Dynamic meciianical and rhermal properties were determined 
for ui (directional epoxy glass composites at various liber orientation 
angles. Resonant frequency and relative logarithmic decrement were 
measured as functions ol temperature In low angle and longrtudmal 
specimens a transition was observed above the resin glass transition 
temperatuie which was manifested mechanically as an additional 
damping peak and thermally as a change in the coefficient of thermal 
expansion The new transition was attiliuied to a hetemgeneous 
resin matr-s induced by rhe hticr Th*- tempe’ature span of the 
glass rubber relaxation was found to broaden w th decreasng 
orientation angle, lellect'og the growth ut hbei cuninbut »m and 
exhibiting Uehav or um 'ar to Put u! Young', mod . 'us .'he cnange 
in resonant frequency Through the glass Transition was grea'est for 
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samples of intermediate fiber angl* •• ling behavior similar 

to that of the longitudinal shear mod (Author) 


. T--43265 * Cna. acten/ation of PVR polyir.stdes Correia 

uon of aster impurities with comp ,ite properties. R W Lauver and 
r. D. Vamucci INASA Lewis Research Center. Cleveland. Ohio). 
In The eriatir of tne eighties Environment, economics, energy. 
Proceedings of tne Twenty-fourth National Symposium and Exhibi- 
tion. San 'rancisco. Calif.. M.v 8-10, 1979. Book 1 (AV9- 
4 j 2‘ , 8 18-231 Azusa. Calif.. Society for the Advancement of Material 
and Process £nqir..e-ing. 1979, p. 522 532 6 refs 

The oresun.ed relationship of chemical impurities m final 
composite p. <>erties is the rationale fer most chemical characteriza- 
tion studies This study examines this relationship for PMP- 
polyim.de resin. Ester acid so'uhons of one monomer were aged at 
selected tempo'atures and chemical changes were monitored spectro- 
scopically. At selected intervals, graphite fiber reinforced composite 
panels were fabricated. Changes in resin proce sing charade istics 
and composite properties were determined The correlator o' these 
data a*e discussed as are related characterization studies ot PMR 
poly-mtde resin. (Author) 


A79-43239 * Fabrication and testing of non-graphitic super- 

hybrid composites R F. Lark. J. H Sinclair, and C. C. Charms 
(NASA, Lewis Research Center, Cleveland. Ohio), n The enigma of 
the eighties Environment, economics, energy, Proceedings of the 
Twenty-fourth National Symposium and Exh.biticn. Sai' Francisco, 
Calif.. May 8-10. 1979. Book 1. (A79-43228 18-23) Azusa. Calit., 
Society for the Advancement of Material and Process Engineer ng. 
1979.0 776-790 6 refs. 

A study was conducted to determine the fabrication feasibility 
and the mechanical properties of adhzsively-bcnded boron 
aluminum, -'titanium and n ^n-graphitic fiber epoxy resin superhybrid 
!NGSK) zomposite laminates for potential aerospace ippl-cations. 
T'le maior driver tor this study was the elimination cf a potential 
graphite fiber release problem in the event of a fire. The results ot 
the study show that non-graph.tic fibers, such as S-glass and Kevlar 
49. n ->v be substituted for the graphite fibers used in superhybr.d 
ISH) composites tor applications. As is to be expected, 

h.owtvf'. .he -.on-graphitic superhybtids have lower stiffness prorer 
ties d'tn tne graphitic superhvhrids. .n-plane and flexural moduli of 
the laminates studied in this program esn be prz'hctcd reasonably 
wel; using linear lam.nate theory wh.le nonlinear 'aminate theory is 
required for strength pred ztions (Author. 


A79A3309 * Effects of yaphite fiber stability on the 

properties of PMR polyimide composites. P beiv gs. VV B Alston, 
and R D Vannuco INASA Lewis Research Center U S Army 
Propulsion Laboratory Cleveland Ohi )l (r Tne enigma of the 
•ughties Environment, econcr cs. me. ry Proceedings of the 
Twenty *ourth National Symposium and Exh t.on San Francisco. 
Calit , Mas 810 1979 Book 2 (A79V\_ 1B7JI Azusa. Calif 
Society tor the Advancement ot Material io ce;s Engineering, 
1979. p 1053 1068 6 rets 

Studies were performed t. vestigate tne eh. c. of the stubilt'v 
of graphite t.bers on composite properties after exposure m air at 
600 F Composites were fab d from PMR ’5 and PMR I’ 
monomer zlutions. using HT3 2 and Celion 6000 graphite tibeis as 
the reinforcement The effect of lomvte.m exposure in air at 600 F 
on c- mposite weight loss and mechanical properties was determined 
Th.se composites exhibited a significantly , .creased lifetime at 690 
F compaieo to composites fjbncatr** from HTS fiber sold prior to 
1975 The etl_<t of the PMR 15 >nd PMR II resin compositions on 
long term compos •» performance at 600 F . . also d-scusu 1 . 

1 Autnorl 


A7949536 * * Electrochemical fluorinetion of trichloro- 
ethylene and N, N dimethyltrifluoroecetamide. L-C. Hsu (NASA. 
Lewis Research Center. Cleveland Ohio). Electrochemical Society. 
Meeting 1 55th Boston. Mass. May 6 1 f, 19/9. Paper 12 p. 6 refs. 

The paper presents the results of experiments concerning the 
fluormation of trichloroethylene and N N-oimethyltrifluoro- 
acetamide carried out on a laboratory scale in an advanced 'Simons' 
type electrochemical apparatus which could tx- operated auto- 
matical'y from ambient to 50 psi pressure. It is shown that a variety 
of fluorine-substituted products are formed, depending upon elec- 
trolysis conditions and corzentratiuns of replant relative to the 
Na E , KF, HF electrolyte A new reaction mechanism of electro 
chemical fluorination 01 trichloroethylene is proposed Finally, the 
solv :ncy-to-fluorine content relationship of fluorinated N. N 
dimjthyltrifluoroacetamide is described M E.P 


A79-53720 * « Composites emerging for aeropropulsion appli- 
cations. G. M Ault and J. C. Freche (NASA. Lewis Research Center. 
Cleveland. Ohio) Astronautics and Aeronautics, vol. 17. Oct. 1979. 
p. 48-59, 80. 81 47 refs. 

The paper deals with applying composites to the cold- ard 
hot-section components of aircraft turbine engines and analyzing 
composite structures The primary experience to date has been with 
graphite epoxy materials The emeiging new composites based on 
fabricable poiyimides will find application in components that can 
operate at temperatures higher than the 350 F allowed by the 
epoxn Further ma|ot benefits would result if the fiber-reinforced 
pel, iner composites could be useu for key rotating components, 
such as the fans of large high bypass ratio engines F 01 the very 
critical hot turbine components, fiber reinforced superalloys for 
turbine blades aie considered. V.T 


N79-16924*jjl Nevada Engineering and Technology Corp Long 
Beach Calif 

ELEVATED TEMPERATURE PROPERTIES OF BORON 
ALUMINUM COMPOSITES F-nal Report. 26 Jan 197B 
26 Jan 1977 

Pamela G Sullivan Nuv 1978 116 p iefs 

'Contract NAS3 200791 

INASA CR 159445) Avaii NTIS HC A06 MF A01 CSCL 
110 

The high temperature properties of boron/alurrunum com 
pontes fabricated by an air diffusion bonding technique utilizing 
vacuum-bonded monolayer tape ore reported Seventeen different 
combinations of matni alloy reinforcement diameter reinforce 
mem volume percent ar.gle ply and matrix enhancement lie 
titanium cladding and interleaves) were labr cated inspected and 
tested It is shown that good to excellent mechanical properties 
could be obtained for air bu Zed boron/ aluminum composites 
and that these properties did not decrease significantly up to a 
test temperature of at least 260 C Composites made with 8 mil 
B/W fiber show a much greater longitudinal strength dependence 
on olume percent fiber than composites made with 5 6 mil 
fiber The additten o' titanium caused difficulties in composite 
bonding and yielded composites with reduced strength G G 


N79-26120’# Boeing Aerospace Co Seattle Wash 

EVALUATION OF FLAWED COMPOSITE STRUCTURAL 
COMPONENTS UNDER STATIC AND CYCLIC LOADING 

T R Porter Feb 1979 255 0 refs 
I Con tact NAS3 19709 

1 NASA CR 1 35403) Avail NTIS HC «12/MF A01 CSCL 
I ID 

The effects of initial defects on the fatigue and fracture 
response of graphite epoxy composite amnates are presented 
The structural laminates investigated were a typical angle ply 
lammate a polar hoop wound pressute vessel laminate and a 
typica engine fan blade laminale Deferr* investigated w<”« full 
and hall penetration circular holes full and half penetration ilits. 
and countersink holes The effects of the defect size and t^pe 
on the static fracture strength fatigue pedoimance and resicual 
static strength are shown as well as the results ot loadings on 
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damage propagation m composite laminates The data obtained 
were used to define proof test levels as a qualification procedure 
in composite structure subjected to cyclic loading A R H 


N79 iT294*| Lehigh Umv Bethlehem Pa Inst of Fracture 
and Solid Mechanics 

OFF AXIS IMPACT OF UNIDIRECTIONAL COMPOSITES 
WITH CRACKS DYNAMIC STRESS INTENSIFICATION 
interim Report 

G C Srh and E P Chen Jan 1979 65 p refs 
(Gf.'fU NsG 31791 

(NA1ACR 159537 IFSM 79 951 Avail NTIS 

MC A 04/ MF A0 1 CSCL 11D 

T he dynamic response of unidirectional composites under 
off axis (angle loading) impact is analyzed by assuming that ine 
composite contains an initial flaw in the matrix material The 
analytical method utilizes Fount" transform for the space variable 
and Laplace iransform for the time variable The off axis impact 
is separated into two pans one being symmetric and the other 
skew symmetric with reference to the crack plane Transient 
boundary conditions of normal and shear factions are applied 
to a crack embedded in 'he matrix of the unidirectional composite 
The two boundary conditions are solved independently and the 
results superimposed Mathematically these conditions reduce 
the problem to a system of dual integral equations which are 
solved in the Laplace transform plane for the transformation of 
the dynamic stress intensity factor The time inversion is earned 
out numerically for various combinations of the material properties 
of the composite and the results are displayed graphically 

Author 


N79 30296*# General Electric Co Cincinnati Ohio 

METAL SPAR SUPERHYBRID SHELL COMPOSITE FAN 
BLADES Final Report 

C T Salemme and G C Murphy Aug 1979 135 p 

(Contract IMAS3 204021 

(NASA CR 159594) Avail NTIS HC A07/MF A01 CSCL 
1 1D 

The use of superhybrid materials in the manufacture and 
testing of large fan blades is analyzed The FOD resistance of 
larae metal soar/ superhybnd fan blade is investigated The 
technical effort reported was comprised of 1 1 1 preliminary blade 
design 12) detailed analysis of two selected superhybrid blade 
designs 13) manufacture of two process evaluation blades and 
destructive evaluation and (41 manufacture and whirligig testing of 
six prototype superhybnd blades A W H 


N79 31348*# General Electric Co Cincinnati Ohio Aircraft 
Engine Group 

CONTAINMENT OF COMPOSITE FAN BLADES 
Final Report 

C L Stotler and A P Coppa Jul 1979 144 p ref 

IContract NAS3 20110) 

(NASA CR 159544 R79AEG197) Avail NTIS 

HC A07/MF A01 CSCL I'D 

A lightweight containment was developed for turbofan engine 
fan blades Subscala ballistic type tests were first 'un on a number 
of concepts The most promising configuration was selected and 
further evaluated by large' scale tests in a rotating test rig 
Mcght savings made possible by the use of this new containment 
system we. a determined and extrapolated to a CF6 size engine 
An analytical technique was also developed to predict the released 
blades motion when involved in the blade casing interaction 
process India! checkout of this procedure was accomplished 
using seve'al of the tests run during the program Author 


to provide an alternate to the use of esbettoe as separators m 
fuel cells and alkaline batteries To minimize distortion during 
mat drying a process to provide a dry fibnd was develop* t 
Two fibrid types were developed one coarse, making mats for 
battery separators the other Fine making low permeability 
matrices for fuel cells Eventually it was demonstrated that suitable 
mat fabrication techniques yielded fuel cell separators frqr.i the 
coarser alkelme battery fibnds The stability of PBI mate to 45% 
K0H at 123 C can be increased by heat treatment at high 
temperatures Weight loss data to 1000 hours exposure show 
the alkali resistance of the mats to be superior lo (hit of 
asbestos Author 


N79 33268*1 United Technologies Research Canter East* 
Hartford. Conn 

DEVELOPMENT OF SiAION MA'i TRIALS Final Report Jun 
i#>( Sep 1979 

G K Leyden Sep 1979 145 p refs 
IContract NAS3 197121 

(NASA CR- 159675 R79 9 1 2997-391 Avail NTIS 

HC AC7/MF A01 CSCL 11D 

Cold pressing and sintering techniques were used to produce 
ceramic test specimens in which the maiO' phase was either 
Si3N4 or a solid solution having ’he beta Si3N4 structure 
Additional components were incorporated to promote liquid phase 
sintering Glass and/or crystalline phase were consequently 
• atoned m boundaries between Si3N4 grams which largely 
determined the ohysical properties of the bodies Systems 
investigated most extensively included R St AI-0-N (R rare 
earth element) Z' Si-Al 0 N Y '- Be O N and R1 R2-Si-0 N 
Room temperature and 1370 C modulus of ruptured 1370 C 
creep and oxidation behavior are discussed in terms ol phase 
relationships m a parent quinary and relavent oxide systems 

Author 


A79 20859 * Increasing the FOD tolerance of composites. 

R C. Novak (United Technologies Research Center. Eas: Hartford, 
Conn.) In Selective application of materials tor products and 
energy Proceedings of the Twenty-third National Symposium and 
Exhibition. Anaheim, Calif., May 2 4. 1978. f A79 20801 07 23) 
Azusa. Calif Society for the Advancement of Material and Process 
Engineering. 1978. p. 936 949 7 lets. Contract No. NAS3 18941. 

An experimental program was conducted for the purpose of 
;ncreasirig the foreign ob|ect damage loleiance of resm matrix com 
posites in gas turbine engine tan blade applications. The superhybnd 
ooncept consisting of a resm matrix composite core surrounded by a 
sheath of boron aluminum and titanium was found to be the most 
promising approach. (Author) 


N79 31350'* Celanese Research Co Summit NJ 
ULTRAFINE POLYBENZIMIDAZOLE (PBI) FIBERS Final 
Raport, Jun 1976 Jun 1979 

E C Chenevey Jun 1979 119 p refs 

Coniract NAS3 20040 1 

(NASA CR 1596441 Aviil NTIS HC A06 MF A01 CSCL 'ID 
Mats were made from ultrafine polybenzimidazole IPBII fibers 
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25 INORGANIC AND PHYSICAL 
CHEMISTRY 

Includes chemical analysis eg chromatography, 
combustion theory electrochemistry, end photochem- 
istry 

For related information see also 77 Thermodynamics 
and Statistical Physics 


N79-121SO*/|l National Aercnz >ic« and Space Aamimstration 
Lewis Research Center Cleveland Oh.o 

CATALYST SURFACES FOR Ht CMROMOUS CHROMIC 
REDOX COUPLE Patent Applic».*i© 

Jose D Gtner (Gmer Inc Weltha. 1 ' 'lass ) and Kathleen J 
Cahill, inventors (to NASAI (Ginar. In«. Waltham. Mass ) Filed 
29 Nov 197S 16 p Sponsored by Nn Si 

(NASA Case LEW 13148-1. US-Patent Au.nl N 9647541 Avail 
NTIS MC A02/MF AOi CSCL 070 

An electricity producing cell of the re 'uc'.on oxidation 
(REDOXI type is described The cell comprises a container divided 
into anode and cathode compartments respectively by an ion 
permeable membrane An anode fluid is directed through a 
compartment from a source while a cathode fluid is directed 
through a different compartment from a different source These 
fluids are aqueous HQ solutions each containing a different 
metallic chloride salt In an exemplary cell the anode fluid contains 
chromium chloride while the cathode fluid contains iron chlo 
ride Qrculation of the anode and cathode fluids produces a 
difference of potential between med electrically conductive 
electrodes NASA 


N7S-14172*||I National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

METHOO OF CROM UNKING POLYVINYL ALCOHOL AMO 
OTHER WATER SOLUBLE RESINS Petml Application 

D W Sheibley W H Philipp and L C Hsu inventors Ito 
NASA) riled 20 Dec 19 78 13 p 

INASA Case LEW 13103 1 US Patent Appl SN 971696) Avail 
NTIS HC A02/MF A01 CSCL 07D 

A self supporting sheet structure comprising a water soluble 
non cross linked polymer such as polyvinyl alcohol is reported 
which is capable of being cross linked by reaction with hydrogen 
atom radicals and hydroxyl molecule radicals in an aqueous 
solution having a pH of less than 8 snd containing a dissolved 
salt in an amount sufficient to prevent dissolution of the 
non cross linked polymer The aqueous solution is then irradi- 
ated with ionizing radiation to form hydrogen atom radicals and 
hydroxyl molecule radicals The irradiation is continued for a 
time sufficient to produce a water insoluble polymer sheet 
structure The mtthod has particular app' cation in the production 
of batlery sepa'ctors and electrode envelopes for alkaline 
battenes NASA 


N7C-14173*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

CROSS LINKED POLYVINYL ALCOHOL AND METHOD OF 
MAKING SAME Patent Application 

Li Chen Hsu Dean W Heibtey and Warren H Philipp inventors 
Ito NASAI Filed 20 Dec 1978 12 p 

INASA Case LEW 13101 1 US Patent Appl SN 97 14731 Avail 
NTIS HC A02/MF A01 CSCL 07D 

A polyvinyl alcohol battery separator is described which has 
good tensile strength good resistance to conditions prevailing 
in alkaline batteries and an electrical resistivity of less than 
I ohm sq cm The product is made by admixing polyvinyl alcohol 
preferably in the form of a readily available aqueous solution 
and a polyaldehyde polysaccharide such as inexpensive readily 
available polydialdehyde starch The admixtuie is formed into a 
sheet by casting an aqueous admixture of the resin and the 
cross linking agent The dried sheet or film is cut to site if 
desired and may be assembled into bag form for use in a battery 
Cross linking is effected oy contacting the film with a conventional 
aqueous acid catalyst solution in an amount sufficient to prevent 
dissolution of the polymer in the aqueous acid solution NASA 


N7S- 14174*# National Aeronautics and Specs Administration 
Lewis Research Center Oeveland Ohio 

IN-SI TU CROSS UNKING OF POLYVINYL ALCOHOL Pettmt 
Appli c ation 

W H Philipp L C Hsu. and D W Sheibley inventors Ito 
NASAI Filed 20 Dec 1978 .3 p 

(NASA Case LEW 13135 1 US Patent Appl SN 97 14751 Avail 
NTIS HC A02/MF A01 CSCL 07D 

Precise control of crosslinking in the preparation of polyvinyl 
alcohol battery separators is achieved by incorporating the 
crosslinking agent in the polyvinyl alcohol and then effecting 
crosslinking after the polymer is shaped or fabricated into a 
useful configuration Aqueous polyvinyl alcohol is admixed with 
an aqueous dialdehyde crosslinking agent The pH of the solution 
is preferably alkaline to prevent premature crosslmking reaction 
The aqueous admixture is cast into a sheet and dried to form a 
seif supporting film whi;h is then immersed in an aqueous acid 
catalyst solution contair.ng a dissolved salt m an amount sufficient 
to inhibit dissolutiv- ut the noncrossimked polymer The resultant 
crosslmked film has excellent properties, such as low electrical 
resistivity rendering the film suitable for use as a separator for 
an alkaline battery NASA 


N79 16930* f National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

EVALUATION OF THE APPLICATION OF SOME GAS 
CHROMATOGRAPHIC METHODS FOR THE OETERMINA 
TION OF PROPERTIES OF SYNTHETIC FUELS 

Albert C Antoine Jan 1979 46 p rels Presented at the 

Aerospace Meeting San Diego Calif 27 30 Nov 1978 
sponsored by the Soc ol Automotive Engr 
(NASA TM 79035 E 9834) Avail NTIS HC A03/MF A01 
CSCL 218 

The purpose of the investigation was to evaluate the 
applicability to some synthetic fuels ol some gas chromatographic 
methods now under development for use with petroleum based 
fuels Thirty two |et and diesel fuel samples which were prepared 
from oil shale and coal syncrudes were examined The boiling 
range distribution of each was determined by gas chromatography 
and from that data distillation properties were calculated The 
calculated results gave sufficient ag’eemen' ith the measured 
values tha' the equations could be useable in then present form 
Bulk fuel properties were calculated for the sixteen JP 5 and 
Diesel No 2 type fuels The results show that the equations 
would not give useable results Capillary column gas chiomatogra 
phy was used to determine the n alkane content of the eight 
JP 5 type samples and the results related to the observed freezing 
points The results show that the concentrations of the lo- g 
straight chain molecules in the fuels exert influence on the freezing 
point but are not the complete controlling factor L S 


N 79 20200*l> National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

PRELIMINARY EVALUATION OF THE ROLE OF K2S IN 
MHO HOT STREAM SEED RECOVERY Final Report 

James Edward Bennett lArkansas State Univ I and Fred J Kohl 
Mar 1979 24 p refs 
(Contract EF 77 A 01 26741 

INASA TM 79114 DOE/ NASA/ 2674 79/1 E 9948i Avail 
NTIS HC A02/MF AOI CSCL 07D 

Results are piesented lor recent analytical and experimental 
studies of the role of K2S in MHD hot stream seed recovery 
The existing thermodynamic data base was found to contain 
large uncertainties and to be nonexistent for vapor phase K2S 
Knudsen cell mass spectrometnc experiments were undertaken 
to determine the vapor species in equilibrium with K2Slc) 
K atoms and S2 molecules ere found to be the major vapor 
phase species in vacuum accounting for greater than 99 percent 
oi the vapor phase Combustion gas deposition studies using 
No 2 Diesel fuel were also undertaken and revealed that 
condensed phase K2S03 may potentially be an important 
compound in the MHD stream at near stoichiometric combus 
lion Author 
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N79 22235* National Aeronautics and Space Admimsuation 
Lewis Research Center Oeveland. Ohio 

METHOD AND DEVICE FOR THE DETECTION OF PHENOL 
AND RELATED COMPOUNDS Patent 

Julian G Schiller (Pittsburgh Umv Pa I and Chung C Liu inventors 
Ito NASA) (Pittsburgh Umv . Pal Issued 20 Mar 1979 8 p 
filed 25 Feb 1977 Supersedes N77 18238 |15 - 09 p 11481 
Sponsored by NASA 

INASA Case LEW 12513 1 US Patent 4. 1 45.255. 

US Patent Appl SN 772167 US Patent Class 195 103 5R 
US Patent Class 195 127 U c Patent Class 204 IT. 

US Patent Class 2011 1958) Avail US Patent and Trademark 
Office CSCL 070 

A method is described which permits the selective oxida 
don and potentiometric detection of phenol and related compounds 
in an electrochemical cell An anode coated with a gel immobilized 
oxidative enzyme and a cathode are each placed in an electrolyte 
solution The potential ol the cell is measured by a potentiometer 
connected to the electrodes 

Official Gazette ol the U S Patent and Trademark Office 


N79 22244*1 National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

CONTROL OF VOLUME RESISTIVITY IN INORGANIC 
ORGANIC SEPARATORS 

Dean A Sheibley and Michelle A Manzo Apr 1979 17 p 

refs 

tNASA-TP- 1439 E 98301 Ava.l NTIS HCA02/MFA01 CSCL 
07 D 

Control of resistivity in NASA inorganic organic separators 
is achieved by incorporating small percentages of high surface 
area fine particle silica with other ingredients in the separator 
coating The volume resistivity is predictable from the surface 
area of filler particles in the coating The approach is applied to 
two polymer- plasticizer filler coating systems where the filler 
content of each is below the generally acknowledged cntical 
pigment volume concentration of the coating Application of these 
coating systems to 0 0254 cm thick 110 mill fuel cell grade 
asbestos sheet produces inexpensive flexible microporous 
separators that perform js well as tie original inorganic organic 
concept the Astropowei separator Author 


N79 26181*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

IMPROVED. LOW COST INORGANIC ORGANIC SEPARA 
TORS FOR RECHARGEABLE SILVER ZINC BATTERIES 

Dean A Sheibley Jun 1979 27 p refs 

(NASA TP 1476 E 99301 Avail NTIS HC A03 MF A01 CSCL 

07D 

Several flexible low cost inorganic organic separators with 
performance characteristics and cycle life equal to or better 
than the Lewis Research Center Astropower separator were 
developed These new sepaiatois can be made an 
continuous production equipment at about one fourth the cost 
of the Astropowei separator produced the same way In test 
cells these new separators demonstrate cycle life improvement 
acceptable operating characteristics and uniform current density 
The venous sepa'ator formulas test cell construction and data 
analysis are described A R H 


N79 27279*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

MASS SPECTROMETRIC INVESTIGATION OF THE VAPOR 
IZATION OF SODIUM AND POTASSIUM CHROMATES 
PRELIMINARY RESULTS 

Carl A Stearns Fred J Kohl Robert A Miller and George C 
Fryburg 1979 16 p refs Presented at the 8th Midwest High 

Temp Chem Conf Milwaukee 3-6 Jun 1979 
INASA TM 79210 E 0951 Avail NTIS HC A02/MF A01 

K nudsen cell mass spectrometry was used to study the 
vaporization of sodium and potassium chromatas For bo h salts 
the vaporization proceeds predominately by the reactions 
M2Cr04(cl • 2Mlgl • 5/402(g) • 1/2 Cr203ls! and 

M2Cr04lcl - M2Cr04(g! where M Na or K The distribution 
of the ions Ml * I 02 1 * I and M2O04I • I m the measured mass 


spectrum was found to depend on the material used for the 
Knudsen cell even for materials such as platinum and gold In 
the case of sodium chromate the decomposition reaction appears 
to be less important than the molecular vaporization reaction A 
preliminary value of 72 kcal/mole at 1141 K was measured for 
the heat of the molec er vaporization reaction for sodium 
chromate In the case of potassium chromate it has not been 
possible to conclude which mode of vaporization dominates For 
potassium chromate a value of 101 kcal/mole at 1173 K was 
obtained for the heat of the molecular vaporization reaction 

Author 


N79-292M*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

THE ROLE OF NaCI IN FLAMC CHEMISTRY. IN THE 
DEPOSITION PROCESS. AND IN ITS REACTIONS WITH 
PROTECTIVE OXIDES AS RELATED TO HOT CORROSION 

Fred J Kohl and Carl A Steams 1979 27 p refs Prepared 

for 4th Conf on Gas Turbine Materials in a Marine Environment 
Annapolis. Md 25 28 Jun 1979 

! NASA TM 79225 E 1201 Ava l NTIS HC A03 MF A01 CSCL 
07 D 

Sodium chlonde is believed to be the primary source of 
turbine engine contamination that contributes to hot corrosion 
The behavior of NaQ-containmg aerosols ingested with turbine 
intake air is very complex some of the NaO may vaporize during 
combustion while some may remain as particulates The NaCl 
can lead to Na2S04 formation by several possible routes or it 
can contribute to corrosion directly Hydrogen or oxygen atom 
reaction with NaOlc' was shown to lesult in the release of 
Nalgl Gaseous NaO in flames can be partially converted to 
gaseous Na2S04 by homogeneous reactions The remaining 
gaseous NaO and other Na containing molecules can act as 
sodium earners for condensate deposition of Na2S04 on cool 
surfaces A frozen boundary layer theory was developed to predict 
the rates of deposition The condensed phase NaO can be 
converted directly to condensed Na2S04 by reaction with sulfur 
oxides and 02 Reaction of gaseous NaO with 0203 results in 
the vapor phase transport of Chromium by the formation of complex 
O containing gaseous molecules Similar gaseous complexes are 
formed with molybdenum The presence of gaseous NaO was 
shown to affect the oxidation kinetics of Ni-Cf alloys It also 
causes changes in the surface morphology of AI203 scales formed 
on Al containing alloys F 0 S 


N79 31361*4 National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

THE CHEMISTRY OF SODIUM CHLORIDE INVOLVEMENT 
IN PROCESSES RELATED TO HOT CORROSION 

Carl A Stearns Fred J Kohl and George C Fryburg 1979 
32 p refs Presented at the Conf on Advanced Materials for 
Alternate Fuel Capable Directly Fired Heat Engines Castine Maine 
30 Jul 3 Aug 1979 

INASA TM 79251 E 161i Avail NTIS HC A03, MF A01 CSCL 
07D 

Thermodynamic and mass transport calculations and 
laboratory experiments elucidating the behavior ol sodium chloride 
m combustion environments in the deposition process and in 
reactions with ce~tain oxides on the surfaces of superalloys are 
summarized It v.as found that some of the ingested salt is 
separated out of the air stream by the compressor However 
sodium i-hlonde does pass from the compressor to the combustor 
where numerous chemical reactions take place Here some of 
the salt is vaporized to yield gaseous sodium chloride mole 
Cules Hydrogen and oxygen atoms present m the combustion 
products react with some sodium chloride to yield other gaseous 
speces such as sod'um and a fraction of the salt remains as 
padiculates Both the gas phase and condensed sod' chloride 
can lead to sodium sulfate formtion by various routes all of 
which involve re >r tion with sulfur oxides and oxygen In addition 
to contributing to the formation of sodium sulfate the sodium 
chloride can contribute to rmrokion .lectly K L 
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A79-11542 ' • Effect of inlet temperature on the perfor- 
mance of a catalytic reactor. D. N Anderson (NASA Lewis Research 
Center, Cleveland, Ohio). US. Environmental Protection Agency. 
Workshop on Catalytic Combustion, S'X). Asheville, N.C., Ocl. 3. 4. 
1978. Paper. 21 p. 17 refs Contract No. EC 77-A 31 1040 

A 12-cm -diameter by 15-cm-long catalytic reactor was tested 
with No. 2 "fiesel fuel in a combustion test ng at inlet temperatures 
of 700 800. 900. and 1000 K. Other test conditions included 
pressures of 300.000 and 600.000 Pa. reference velocities of 10. 15. 
and 20 n/s, and adiabatic combustion temperatures in the range 
fro n 1100 to 1400 K. The combustion efficiency was calculated 
from measurements of carbon monoxide and unburned hydrocarbon 
emissions. Nitrogen oxide emissions and reactor pressure drop were 
also measured At a reference velocity of 10 m/s, the CO and 
unburned hydrocarbons emissions and. therefore, the combustion 
efficiency were independent of inlet temperature At an inlet 
temperature of 1000 K, they were independent of reference velocity 
Nitrogen oxides emissions resulted from conversion of the small 
amount of fuel bound nitrogen in the fuel Up to 90% conversion 
was observed with no apparent effect of any of the test variables For 
typical 9 as-turbme operating conditions, all three pollutants were 
below levels which would permit the most stringent proposed 
automotive emissions standards to be met. (Authoi) 


A79-11547 * » Determination of the zincate diffusion coeffi- 

cient arid its application to alkaline battery problems. C E May and 

H E Kautz iNASA Lewis Research Center, Cleveland. Ohiol 
Electrochemical Society Meeting 154th, Pittsburgh Pa . Oct. 15 20 
1978. Paper 19 p 1 1 rets 

The diffusion coefficient for the zincate ion at 24 C was found 
to be 9 9 « 10 to the 7th power sq cm sec ♦ or 30% in 45% 
potassium hydiox.de and 1 4 n 10 to the -7th power sq cm sec ♦ or 
25% in 40% sodium hydroxide Comparison of these values with 
literature values at different potassium hydroxide concentrations 
show that the Stokes Einstein equation is obeyed The diffusion 
coefficient is characteristic of the zincate ion (not the cation! and 
independent of its concentration Calculations wuh the measured 
value of the diffusion coefficient show that the zinc concentration in 
an alkaline zincate half cell becomes uniform throughout m tens of 
hours by diffusion alone Diffusion equations are derived which are 
applicable to finite size chambers D'ta Is and discussion of the 
experimental method are also given (Author) 


A79 14956 * = Correlations of catalytic combustor perfor- 

mance parameters D L Bulzan (NASA. Lewis Research Center, 
Cleveland Oh ol U S Environmental Protection Agency Workshop 
on Catalytic Combustion 3rd Asheville, hi C . Oct 3 4 1978. 

Paper 14 p Contract No EC 77 A 31 1C4U 

A 12 cm-diameter catalytic combustor test ng using propane 
fuel at an inlet temperature of 800 K a pressure of 300 000 Pa. and 
reference velocities from 10 to 20 ns was studied Compust.on 
efficiency at the test conditions .5 a function of the catalyst bed cell 
density ceil circumference reactor length, and the reference 
velocity the efficiency was also dependent on the adiabatic reaction 
temperature to the tenth power The percentage pressure drop is 
proport onal to the reference velocity to the 1 5 power and is also 
proPo't o-cl to the reactor length and inversely proportion.-; to the 
cell hydiaul c diameter fractional open jtea and the pre>su>e The 
mm.mum adiabatic -eactor temperature required tc meet the 
emissions goals .s proportional to tne reference velocity to the 0 1 
power and inversely proportional to the cell circumference, cell 
density and reactor length to the 0 1 power The parameters which 
are a function of a catalyst factor are reported M L 


A7 9 19480 ' * Turbulence effects on flame speed and flame 

structure K 0 Smith (NASA. Uwis Research Center Cleveland. 
Ohio. Cornell University. Ithaca. N Y ) and F. C Gouldm (Cornell 
University, Ithaca. N Y). American Institute of Aeronautics and 
Astronautics Aerospace Sciences Meeting 17th hie w Orleans. La., 
Jan 15 17. 1979. Paper 79 0016 10 p 71 refs Grant No NsG 3019 


Turbulence effects on methane air flames stabilised in grid tur- 
bulence were investigated through measurements of flame speed and 
mean and fluctuating flame temperature profiles. Published turbulent 
flame speed correlations were able to correlate the experimental 
flame speed data bu'. were contradictory in indicating flame structure 
and combustion mechanisms. A simple, one-dimensionj, wrinkled 
laminar flame model was used to predict characteristic flame tern 
perature fluctuation levels. Comparison of these predictions with 
measured temperature fluctuations indicated that the maiority of the 
flames studied were wrinkled laminar flames. Howevei, a wrinkled 
laminar flame structure was inappropriate for the most intensely 
turbulent flames examined. (Author) 


A79 19586 ’ • Experimental study of the effects of flame- 
holder geometry on emissions and performance of lean premixed 
combustors G. Roffe, K. S. Venkataramani (General Applied 
Sciences Laboratories. Inc, Westbury, N.Y.). and R. M. Duerr 
(NASA, Lewis Research Center, Cleveland. Ohio) American Institute 
of Aeronautics and Astronautics Aerospace Sciences Meeting. 17th. 
New Orleans. La.. Jan. 15 17. 1979 Paper 79 0187. 10 p. NASA 
supported research. 

Emissions of NOx. CO and unburned hydrocarbons (UHC) are 
reported for a lean premixed propane air system at inlet conditions 
of BOOK and 1 MPa using twelve flameholder designs. The flame 
holders tested represent six design concepts with two values of 
blockage for each concept Data wete obtained at reference velocdes 
of 35 m s, 25 m/s and 20 m s at combustor stations 10 cm and 30 
cm downstream of the flameholders. Flameholder pressure drop was 
found to be a principal determinant of emissions perfo mance. 
Designs producing larger pressure drops also produced less NOx, CO 
and UHC emissions The lean stability limit equivalence ratio was 
found to be approximately 0.35 for all designs Flashback velocities 
(axial components in the flameholder passages! varied between 30 
m/s and 40 m/s A perforated plate flameholder was operated with a 
velocity as low as 23 m s through the perforations at equivalence 
ratio 0.7 without producing flashback. (Author) 


A79-21I.22 * - Ion chromatographic determination of sulfur 

in fuels. C S Mi/isin. 0 t Kuivmen. and 0 A Otlerson (NASA, 
Lewis Resrarch Center. Cleveland. Ohiol. U S Environmental Protec 
tton Agen.y National Symoosium on Ion Chromatographic Analysis 
of Environmental Polluter rs and Other Analogous Compounds. 2nd. 
Research Triangle Par* N.C.. Oct. 11-13. 1978, Paper. 15 P 9 refs 


A/9 25917 * Evaluation of the application of some gas 

chromatographic methods for the determination of properties of 
synthetic fuels. A. C. Antoine (NASA. Lewis Research Center, Cleve 
land. Ohio) Society of Automotive Engineers Aerospace Meeting 
San Diego Calif Nov. 27 30 1978 Paper. 45 p. 6 refs 

The purpose of the investigation was to evaluate the appiicabil 
ity, to some synthetic fuel., of some gas chromaiographic methods 
now u.ider development foi use with peboleum based fuels. Thirty 
two |et and diesel fuel samples which were prepared from oil shale 
and coal syncrudes we'! examined. The boiling range distribution of 
each was determined by gas chromatogiaphy. and rrom that data 
distillation properties were calculated The calculated results gave 
sufficient agreement with the measured values that the equations 
could be useable in their present form Bulk fuel properties were 
calculated for the 16 JP 5 and Diesel No 2 type fuels The results 
show that the equations would not give useable results. Capillary 
column c^s chromatography was used to determine the n alkane 
content of the eight JP 5 type samples and Ihe results related to the 
observed freezing points The results show that the concentrations of 
the long straight chain molecules in the fuels exeit influence on 'he 
freezing point but are not the complete controlling faclor (Author) 
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A79- 28374 * Burn coal cleanly in a fluid trad bed - The key 

it in the controls J. A. Kobak (NASA, Levyit Research Center, 
Cleveland. Ohio). Inar'mr’.n and Control Systems. Jan. 1979, p. 
29-32. 

The fluidized bed combustion (FBC) process produces few 
sulfur emissions, and can burn wood, municipal solid waste as well as 
every kind of coal available in the U.S. The ptesunzed. coal-burning 
fluidized bed reactor at NASA's Lewis Research Center is described, 
together with a discussion of the operating results. The FBC system 
at Lewis, having a completely instrumented reactor, is used to test 
turbine blade alloys for future power plant applications. With the 
same type of coal and limestone used in the first testing phase 
covering 136 hours, it was found that all NO* values were below the 
EPA standard 0.7 Ib/MBtu, whereas the maximum observed level 
of S02 was above the EPA standard of 1.3 Ib/MBtu, but with the 
average SO 2 level, however, only 0 63 Ib/MBtu Unbumed hydro- 
carbon and CO levels were very low, indicating combustion efficien- 
cies of close to 99% in almost all tests. Testing is now underway 
using high temperature cyclones and gas tuibine to eliminate erosion 
and corrosion effects which were observed after the initial tests on 
the turbine and blades A.A. 


A79- 26546 * Effect of a chromium-containing fuel additive 

on hot corrosion. C E Lowell and 0 L Deadmore (NASA Lewis 
Research Center. Cleveland. Ohio! Corrosion Science, vol. 18. 1978. 
p. 747 749, 751 759. 761 763 8 refs. 

Four cast superalloys (one cobalt base and three nickel-base) 
were tested at 900 C tor 100 h in Mach 0 3 combustion gases 5 ppm 
of synthetic sea salt were added to the gases in the combustion 
chamber Several types of thermal cycle and washing ptoceduies 
were employed. Similar tests were made with ihe addition of 300 
ppm of a chromium-containing fuel additive In both sets of tests the 
extent of hot corrosion was evaluated by specific weight change and 
metal recession. In general, the chromium additive in the fuel 
reduced the extent of hot (salt) co’rosion but did not eliminate it 
The percentage reduction of hot corrosion attack was similar for all 
four alloys As great a reduction of hot corrosion was achieved by 
reducing the number of thermal cycles during the test from 100 to 5 
or 6 The effect of washing the alloys every ten cycles as opposed to 
the end of the test was erratic, some alloys were attacked slightly 
more, others somewhat less A NiQAIY coating was found to be 
more effective in reducing hot corrosion than either the fuel additive 
or the washing schedule (Author) 


A7939036 * a Effect of degree of fuel vaporization upon 

emissions for a premixed prevaporized combustion system. L P 

Coopei (NASA, Lewis Research Center Cleveland, Ohio) A'AA 
SAE J nd ASME Joint Propulsion Conference 15rh Las Vegas 
Ale v . June IS 20 1979 Al A A Paper 79 1320 13 p 20 refs 

An experimental jnd analytical study ol the combustion of 
paitially vapor izcd fuel air mixtures was performed to assess the 
impact ol the degree of fuel vaporization upon emissions for a 
premixingprevapor izmg flametube combustor Data collected 
showed ne»'-linear increases in NOx emmissions with decreasing 
vaporization at equivalence ratios of 0 6 For equivalence ratios of 
0 72 the degiee of vaporization had very little impact on NOx 
emissions. A simple mechanism which accounts for the combustion 
of liquid droplets in partially vapor izeil mixtures was found to agi ee 
with the measured results with fair accuracy with respect r ooth 
trends and magnitudes (Authorl 


A79-46366 • Resonance-tub# ignition of aluminum B R 

Phillips (NASA. Lew.s Research Center Cleveland, Ohiol and K J 
de Wilt (Toledo, University, Toledo, Ohio) Combustion and flame 
vol 35, Aug 1979. p 249 258 12 refs 

An experimental program was earned out to determine whether 
spontaneous fluid dynamic oscillations could create a hazard m 
gaseous oxygen How systems by -gnitinq metal contaminants The 
particular fluid dynamic oscillation studied was Ihe eunance-tuhe 
phenomenon as it was exciter! in a lee shapes, configuration 


representative of con* jurat ions tounj in many industrial flow 
systems. Pure aluminum was chosen as the candidate material for 
ignition. The oscillations in the tee shaped configuration were 
compared with oscillations driven by choked convergent nozzles ana 
were found to dill, markedly. The temperatures generated at the 
base of the resonance lube were well in excess of 1000 F for both 
gaseous oxygen and nitrogen. The effect of inert particulate matter 
introduced into the resonance tube was to increase significantly the 
measured temperatures. Aluminum in both powdei and fiber form 
was readily ignited within the resonance tube at pressures less than 
1200 psia. At higher pressures, the aluminum-oxygen mixture 
exploded This investigation confirms the hazardous nature of 
resonance-tube oscillations as generated in typical piping con'iguta 
tions that use high pressure oxygen (Author) 


A79-49533 * * Mass spectrometric investigation of the vapor 
oration of sodium and potassium chromates Preliminary resilts C 

A Stearns, F. J Kohl. R. A Miller, and G C. Fryburg (NASA. Lewis 
Research Center, Cleveland, Ohio). Midwest High Temperature 
Chemistry Conference. 8th Milwaukee Wis. June 36. 1979. Paper 
14 p. 17 refs. 


A79-49634 • s The role of NaCI in flame chemistry, in the 

deposition process, and in it* reactions with protective oxides as 

related to hot corrosion. F. J. Kohl. C A Stearns, and G C Fryburg 
(NASA. Lewis Research Center. Cleveland Chiu> Conference on Gas 
Turbine Materials m a Marine Erinronment, 4rh Annapolis. Md 
June 25 28 1979 Paper 26 p 61 refs 


N76- 10166*# General Applied Science Labs Inc lArestbury 
N Y 

EMISSION MEASUREMENTS FOR A LEAN PREMIXED 
PROPANE AIR SYSTEM AT PRESSURES UP TO 
30 ATMOSPHERES Fine! Report 

Gerald Roffe and K S Venkataramani Jun 1978 41 p ref 

(Contract NA S3 206031 

(NASA CR- 159421 GASl TR 2501 Avail NTIS 

HC A03/MF A01 f~SCL 2 1 B 

The emissions of a lean premised system of propane/ air 
were measured in a flametube -'ppeistus Tests were conducted 
at inlet temperatures of 600K and 800K end pressures of 10 atm 
and 30 atm over a -ange ol equivalence ratios The data obtained 
were combined with previous data taken in the same apparatus 
to correlate nitrogen oxide emissions with operating conditions 
Sampling probe design was found to have a pronounced effect 
on measured CO levels but did not influence measurements 
The most effective probe tested was one which combined thermal 
and pressure quenching of the gas sample ARM 


N 79 22244* 0 United Technologies Research Center East 

Hartford Conn 

LEAN STABILITY AUGMENTATION STUDY Final Report 

John B McVey and Jan B Kennedy May 1979 185 p refs 

(Contract NAS3-20804I 

INASA CR 153536 UTHC/R79 914104 1B> Avail NTIS 
HC A09/MF A01 CSCL 2 IB 

An analytical conceptual design study and an experimental 
test program were conducted to investigate techmquos and 
develop technology for improving the lean combustion limits of 
premising prevaporizing combustors applicable to gas turbine 
engine main burners the use of hot gas pilots catalyzed 
"--nehotder elements and heat recirculation to augment lean 
...oility limits was considered in the conceptual design study 
Tests of flameholders embodying selected concepts were 
conducted at a pressure of 10 arm and over a range of entrance 
temperatures simulating conditions to be encountered during 
stratospheric cruise The tests were performed using an 
axisymmetnc flametube test rig having a nominal diameter of 
10 2 cm A total of Sixteen test configurations were examined 
in which lean blowout limits pollutant emission characteristics 
and combustor performance were evaluated The use of a piloted 
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perforated plate flameholdv employing a pilot fuel flow rata 
equivalent to 4 percent of the total tuel flow at a simulated 
cruise condition resulted in a lean blowout equivalence ratio of 
less than 0 25 with a design point IT sub zero » 600k Phi • 
0 61 NOx amission index of less than 1 0 g/kg Author 


N79 23168*1 Georgia Inst of Tech Atlanta School of 
Aerospace Engineering 

MEASUREMENTS OF ADMITTANCES AND CHARACTER!* 
TIC COMBUSTION TIMES OF REACTIVE GASEOUS 
PROPELLANT COAXIAL INJECTORS 

B A Janardan 8 R Daniel and B T Zmn Mar 1979 78 p 
refs 

(Grant NsG 3052) 

(NASA CR 159542) Avail NTIS HC A05/MF A01 CSCL 

2 1 B 

The results of an experimental investigation that was 
concerned with the quantitative determination of the capabilities 
of combustion processes associated with coaxial injectors to 
amplify and sustain combustor oscillations was described The 
driving provided by the combustion process was determined by 
employing the modified standing wave method utilising coaxial 
injectors and air acetylene mixtures Anayses of the measured 
data indicate that the investigated injectors are capable of initiating 
and amplih, mg combustion mstabil ties under favorable conditions 
of injector combustion coupling and over certain frequency ranges 
These frequency ranges and the frequency at which an injector s 
Jnving capacity is maximum are observed to depend upon the 
equivalence ratio the pressure drop across the injector orifices 
and the number of injector elements The characteristic combustion 
times of coaxial injectors were determined from steady state 
temperature measurements G Y 


N7P 26 1 78" r(f Case Western Reserve Umv Cleveland Ohio 

X RAY PHOTOELECTRON SPECTROSCOPY STUDY OF 

NICKEL AND NICKEL BABE ALLOY SURFACE ALTERA 

TIONS IN SIMULATED HOT CORROSION CONDITIONS 

WITH EMPHASIS ON EVENTUAL APPLICATION TO 

TURBINE BLADE CORROSION Final Report 

Gheorghe D Mateescu and Ste-en R Smith Jun 1979 49 p 

refs 

iGrant NsG 30091 

(NASA CR 159553) Avail NTIS HC A03/MF ACM CSCL 
070 

Research on the high tempeietuie oxidation and Na2S04 
induced hot corrosion of some nickel base superalloys was 
accomplished by using ESCA to determine the surface composition 
of the oxidized or corroded samples Oxidation was earned out 
at 900 or 1000 C in slowly flowing 02 for samples of B 1900 
NASA TRW VIA 713C and IN 738 Oxidation times ranged 
from 0 5 to 100 hr Hot corrosion of B 190C was induced applying 
a coating of Na2S04 to peruxidt/ed samples the heating to 
900 C m slowly flowing 02 For oxidized samples the predominant 
type of sen'*’ formed by each supe'alloy was determined and a 
marked Sur'a *• enrichment of 7i was found in each case For 
corroded samples the transfer of significant amounts of material 
from trie ox dr id f er to t'-e surfai r of the salt layei was observed 
to o ru> lo’ g before the onset of accelerating weight gam 
Changes in surfa- r* coo position wee observed to coincide with 
the beginning of ai leleratmg coirosion the most striking of which 
was a tenfold decease n the sulfui to sodium ration and an 
increase m the CnVI' ial .0 Author 


N79 25183’* Yale Umv New Haven Conn High Temperature 

Chemical Reaction Engineering Lab 

EXPERIMENTAL STUDIES OF THE FORMATION 
DEPOSITION OF SODIUM SULFATE IN FROM COMBUS 
TION GASES Semiannual Report 16 Nov 1977 16 May 

1978 

Daniel E Rosner 15 May 1978 14 p rels 
Grant NsG 3 1691 

i NASA CR 159612 SAR 1| Avail NTIS HC A02 Mf A01 
CSCL 210 

Processes related to the hot corrosion ol gas turbine 
components were examined in twu separate investigations 


Monochromatic laser light was used to probe condensation onset 
and condensate film growth (via interference of 'eflecled light) 
on electrically heated ribbons immersed in seeded flat flame 
combustion producl gases Boron trichloride is used as the seed 
gas in tnese preliminary experiments conducted to obtain precise 
measurements of the dew pc ( deposition iafes Because of 
the importance of gaseous Naigl as a precursor lo NaS04 
formation the kinetics and mechanisms of the heterogeneous 
reaction Hlg) * NaCKs) yields Naigl - HCI(g) wes studied using 
atomic absorption spectroscopy combined with microwave 
discharge-vacuum flow reacior techniques at moderate tempera 
tures Preliminary results indicate the H atom attack of solid 
NaCI vaporization is negligible hence the corresponding gas phase 
(homogeneous I reaction no role in rhe observed Naigl produc 
tion A R H 


N78-31358** General Electric Co Cincinnati. Ohio 

LEAN. PREMIXED PREVAPORIZED ILPP) COMBUSTOR 
CONCEPTUAL DESIGN STUDY Final Raport 

R A Dtckman W J Dodds and E E Ekstedt May 1979 
1 52 p refs 

IContiact NAS3 212551 

(NASA CR- 159629 R79AEG376I Avail NTIS 

HC A08/MF A01 CSCL 21 B 

Four combustion systems were designed and sized for the 
energy efficient engine A fifth combustor was desiged for the 
cycle and envelope of the twin spool high bypass ratio high 
pressure ratio turbofan engine Emission levels combustion 
performance life and reliability assessments were made for these 
five combustion systems Results of these design studies indicate 
(hat cruise NOx emission can be 'educed by the use of lean 
premixed prevajKvaized combustion and airflow modulation 

Author 


N79 32303*# Notre Dame Univ Ind Dept of Aerospace 
and Mechanical Engineering 

FEASIBILITY STUDY OF LIQUID POOL BURNING IN 
REDUCED GRAVITY Final Report. Jul. 1977 Feb 1979 

A Murty Kanury Sep 1979 79 p refs 
IContract NAS3 210181 

INASA CR 159642 TR 79 1 1 Avail NTIS HC A05 MF A01 
CSCL 2 1 B 

The feasibility of conducting experiments in the Spacelab 
on ignition and flame spread with liquid fuel pools which are 
initially at a temperature lower than the fueis flash point 
temperature was studied Theories were developed for the ignition 
and flame spread processes and experiments weie conducted 
to understand the factors influencing the ignition process and 
the spread rate The results were employed to devise a conceptual 
Spacelab experiment which is expected to be teasible toi a safe 
conduct and to be suitable for obtaining crucial data on the 
concerned processes K L 


N79 33738** State Umv of New York at Stony Brook 
COMBUSTION OF POROUS SOLIDS AT REDUCED 
GRAVITATIONAL CONDITIONS F.nal Report 

A l Berlad and J Killroy Washington NASA Oct 1979 
1 1 0 p refs 
iGrant NsG 30511 

INASA CR 31971 Avail NTlS HC A06 MF A01 CSCL 2 1 B 
A ground based experimental and analytic study considered 
the utility ana n . 'feasibility of a space shuttle based experimental 
study of the combustion of porous solids at reduced gravitational 
conditions This ground based study employed the Lewis Research 
Center s g 0 idrop towerl facility Experimental g 1 studies 
were performed both at the Lewis Research Centei and at State 
University of New York at Stony Brook It is found that the 
considered space shuttle based experimental program is expect d 
to yield vital fundamental combustion information that is not 
obtainable from ea'th bound studies alone The considered space 
shuttle based study is entirely feasible and a detailed approach 
to these experiments is presented M M M 
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26 METALLIC MATERIALS 

Includes physical chemical and mechanical properties 
of metals eg corrosion and metallurgy 


N79 1.179** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

'NERMU BARRIER COATINGS BURNER RIG HOT 
CORROSION TEST RESULTS Final Repo'S 

Ph.:,,j E Hodge Stephen Stecura Michael A Gedwill Isidor 
7aplatynsky and Stanley R Levine Oct '978 35 p refs 
• Contract EF 77 A O' 25931 

INASA TM 79005 E 9787 DOE NASA 2593 78 31 Avail 
NTIS HC A03 MF AO' CSCL "F 

A Mach 0 3 burner rig test program was conducted to examine 
the sensitivity of thermal barrie 1 coatings to Na and V contaminated 
combustion gases simulating potential utility gas turbine 
environments Coating l.le of the standard Z r02 12Y203 Ni '6 
2Cr 5 6AI 0 6Y NASA thermal barrier coatmg system which was 
developed toi aircraft gas turbines was significantly reduced in 
such environments Two thermal barrier coating systems 
Ca2504 N. 1 6 2Cr 5 6Ai 0 6Y and Zr02 8Y203 Ni'6 4Cr5 
1 Al 0 ' 5Y and a less insulative cei met coating system 50 volume 
percent MgO 50 volume percent Ni '9 60 17 1AI097Y Ni '6 
2O56AI06Y wen- identified as having much improved 
corrosion resistance compared to the standard coating Auth 


N79 12201*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

THE EFFECT OF NITROGEN ION (N(-)l IMPLANTATION 
ON THE FRICTION AND WEAR CHARACTERISTICS OF 
IRON 

William R Jones Jr and John Ferrante Nov 1978 18 p 

refs 

iNASA TM 79029 E 98241 Avail NTIS HC A02/MF A01 
CSCL 1 1F 

The friction and wear properties of pure iron sliding against 
V. 50 steel were not significantly altered after nitrogen implanta 
tion The unimplanted iron exhibited an average wear rate of 
1 47 • or 0 27 M to the third power/ N M compared to 
1 53 - or 0 73 for the nitrogen implanted iron Average friction 
coefficients were 0 10 lununplanted! and 0 09 limplantedl G G 


N79 12203*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FRETTING WEAR OF IRON NICKEL AND TITANIUM 
UNDER VARIED ENVIRONMENTAL CONDITIONS 

Robert C Bill IAVRADCOM Res and Technol Labs I 1978 
30 p refs Proposed for presentation at the Intern Conf Wear 
o Mater Dearborn Mich 16 18 Apr 1979 sponsored by 
A TME ASLE ASM ASTM 62 SAE SME Am Chem Soc 
Ah '£ and APS 

INA JA TM 78972 AVRADCOM TR 78 59 E 9745) Avail 
NTIS HC A03 MF A01 CSCL 1 1 F 

Fretting wear experiments were conducted n n high purity 
iron nickel and titanium in an under conditions of vaned humidity 
and lempe r ature and in nitrogen For iron and titanium maximum 
fieltmg occurred at 1' and 30 percent relative humidity 
respective y Nic “I showed a minimum m fretting wear at 
about 10 percent elati"' imiditv With increasing temperature 
all three metals mit>j! towed reduced fretting wear with 
increasing wear observes. . temperatures increased beyond 
200 300 C For titanium dramatically reduced fretnng wear was 
observed at ten peratures abcve 500 C relatable to a change 
m oxidation kmeti. s All three metals showed much less fretting 
w«i> in N2 with the presence of moisture in N2 having a 
proportionally stronger effect than in an Author 


N7B 12204** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

WEAR OF BEAL MATE TIALB USED IN AIRCRAFT PROPUL 

BION SYSTEMS 


Robert C Bill and Lawrence P Ludwig 1978 30 p refs 

Presented at tiie Mater and Processing Congr . Philadelphia. 7 9 
Nov 1978 Prepared in cooperation with Army Aviation Research 
and Development Command St Louis. Mo 
(NASA TM 79003 E 9789 AVRADCOM TR 78 471 Avail 
NTIS HC A03/MF A01 CSCL 1 1 F 

The various types of seal locations in a gas turbine engine 
are described and the significance of wear to each type is 
reviewed Starting with positive contact shaft seals, existing 
material selection guidelines are reviewed ana the existing PV 
(contact pressure X sliding velocity) criteria for selecting seal 
materials are discussed along with the theoretical background 
fo: these critena Examples of wear mechanisms observed to 
operate in positive contact seals are shown Design features 
that can extend the operating capabilities of positive contact 
seals including pressure balancing and incorporation of hydrody 
namic lift are briefly discussed It is concluded that, despite the 
benefits arising from these design features improved positive 
contact seal materials from the standpoint of wear erosion and 
oxidation resistance will be necessary for further improvements 
in seal performance and durability and to meet stringent future 
challenges Authoi 


N7B 12204*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SHEAR RUPTURE OF A DIRECTIONALLY SOLIDIFIED 
EUTECTIC GAMMA GAMMA PRIME ALPHA (Mo) 
ALLOY 

Frednc H Hart 1978 15 p refs Presented at the Conf on 

In-Situ Composites 3 Boston 27 Nov 1 Dec 1978 sponsored 
by the Mater Res Soc 

INASA TM- 79038 E 98401 Avail NTIS HC A02/MF A01 
CSCL 1 1 F 

Directionally solidified Mo alloys are evaluated to determine 
the shear rupture strength and to possibly improve it by 
microstructural and heat treatment variations Bars of the alloy 
containing nominally 5 7% Al and 33 5% Mo by weight with 
balance Ni were directionally solidified at rates between 10 and 
100 mm per hour in furnaces with thermal gradients at the 
liquid solid interface of 250 or 100 C per cm A limited number 
of longitudinal shear rupture tests were conducted at 760 C 
and 207 MPa in the as solidified and in several heat treated 
conditions It is shown that shear rupture failures are partly 
transgranular and that .osistance to ta.lure is prompted by good 
fiber alignment and a matrix structure consisting mainly of gamma 
prime Well aligned as solidified specimens sustained the 
shea' stress for an average of 81 hours A simulated coating 
heat treatment appeared to increase the transformation of gamma 
to gamma prime and raised the average shear life of aligned 
specimens to 1 1 1 hours However heat treatments at 1245 C 
and especially at 1 190 C appeared to be detrimental by causing 
partial solutioning of the gamma prime, and reducing lives to 
47 and 10 hours respectively GG 


N79 19146*||l National Aeronautics and Space Admimstiation 
Lewis Research Center Cleveland Ohio 

HIGH TOUGHNESS HIGH STRENGTH IRON ALLOY 

Patent Application 

J R Stephens and W R Wit/ke inventors llo NASA! 25 Jan 
1979 lip 

INASA Case LEW 12542 3 US Patent Appl SN 0070831 Avail 
NTIS HCA02/MFAU1 CSCL 11F 

An improved steel alloy is described which exhibits both 
high toughness and high strength at cryogenic temper atuies 
The alloy consists essentially of about 10 to 16 percent by 
weight nickel up to 10 p" r ~ent by weight aluminium and up 
to about 3 percent by weight of at least one of the following 
additional elements copper lanthanum niobu. • tantalum 
titanium vanadium yttrium urconium and the tare earth metals 
with the balance being essentially iron Ihe steel alloy is pioduced 
by a process which includes using ..old rolling at room temperature 
and subsequent heat treatment at tempeialu es ranging from 
500 deg to 650 C The alloy possesses a fracture toughness 
ranging from 200 to 230 ksi in and yield strengths up to 
230 ksi NASA 
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N 79 202 16* I National Aeronautics a d Space Administration 
Lawn Research Canter. Cleveland Ofvj 

CRITICAL MAM FLUX THROUGH SHORT ROROA TYRE 
INLETS OF VARIOUS CROSS SECTIONS 

R C Hendricks and N P Poolos (Lake Ridge Academy. North 
Hidgeville Ohio) 1979 26 p refs To be presented at the 

15th intern Congr of Refrigeration. Venice. 23-29 Sep 1979 
sponsored by the Intern Inst of Refngeration 
(NASA TM 79017. E 9868) Avail NT1S HC A03/MF A01 
CSCL 1 IF 

Mass flux measurements associated with chocked flows 
through four Borda type inlet geometries circular, square, 
triangular and rectangular (two-dimensional! and two sharp edged 
geometries taken over a very wide range of inlet stagnation 
conditions The measurements indicate that (1) the mass flux 
is independent of the inlet cross-section geometry and (2) the 
mass flux is dependent only on the inlet stagnation conditions 
Also by using choked flow results found in the literature, the 
reduced mass flux is independent of working fluid Two 
implications are drawn which remain to be verified (1) since 
seal leak rates are weakly dependent on geometry but pressure 
distnbution is strongly dependent on geometry seal design efforts 
should be directed more toward controlling the dynamics, and 
(2) high L/D ducts of arbitrary cross section and Bords type 
inlets can possess free jets L S 


N79-20217*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

EVALUATION OF A RRAVTON CYCLE RECUPERATOR 
AFTER 21.000 HOURS OF GROUND TESTING 

Thomas J Moore Feb 1979 28 p refs 

INASA-TM 79091 E 9915) Avail NTIS HC A03/MF A01 

CSCL 11 F 

A matallographic examination was conducted on a Brayton 
cycle recuperator and associated ducting after 21.000 hours of 
ground testing in air At the hoi (turbine) end the recuperator 
operated at a nominal temperature of 675 C The type 347 
stainless steel recuperator performed satisfactorily in the ground 
test even though the primary working fluid leaked to the 
atmosphere periodically The leakage path was located at plate-bar 
brats |Oints which cracked as a result of thermal stresses The 
welded type 347 stainless steel ducting a type 347/Hastelloy X 
bellows survived the ground test with no apparent loss of ductility 
or integrity Some apparent aging embrittlement was oteerved 
m the Hastelloy X ducting but the serviceability was not 
affected Author 


N79 20218*| National Aaronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

CHARACTERIZATION OF DEFECT GROWTH CTRUCTURE 
IN ION PLATED FILM* BY SCANNING ELECTRON 
MICROSCOPY 

Tahvaldts Spahnns 1979 12 p refs Presented at the Intern 

Conf on Met Coatings San Diego Calif 23 37 Apr 1979 
sponsored by Am Vacuum Soc 

(NASA TM 79110 E 95281 Avail NTIS HC A02/MF A01 
CSCL 1 IF 

Copper and gold films 10 * to 2 microns) were ion pleted 
onto polished 304 stainless-steel surfaces These coatings were 
examined by scanning electron microscopy for coating growth 
defects Three types of defects were distinguished nodular 
gr. wth abnormal or runaway growth and sprts The cause and 
origin for each type of defect was traced Nodular growth is 
primarily due lo inherent substrate microdefects abnormal or 
runaway growth is due to external surface inclusions, and spits 
are due to nonuniform evaporation All these defects have adverse 
effects on the coatings They induce stresses and produce porosity 
in the coatings and thus weaken their mechanical properties 
friction and wear characteristics are affected 9 defects 

since the large nodules are pulled out and additional wear debris 
is generated Author 


N 79 20220* f National Aeronautics and Space Administration 

Lewis Research Center. Cleveland. Ohio 

ADHERENCE OF SPUTTERED TITANIUM CARBIDES 

Willism A Brainard and Donald R Wheeler 1979 10 p refs 
Presented at the Intern Conf on Met Coatings. Sen Diego. 
Calif . 23 27 Apr 1979 

(NASA-TM-791 17; E-9950) Avail NTIS HC A02/MF A01 
CSCL 1 1F 

Sputtered coatings of the refractory metal carbides are of 
great interest for applications where hard wear -resistant materials 
are desired The usefulness of sputtered refractory carbides is 
often limited n practice, by spalling or interfacial separation In 
this work improvements in the adherence of refractory carbides 
on iron, nickel and titanium based alloys were obtained by using 
oxidation, reactive aputtenng or sputtered interlayers to alter the 
coating-substrata interfeciel region X-ray photoelectron spectros- 
copy and argon ion etching were used to characterize the interfacial 
regions, and an attempt was made to correlate adherence as 
measured in wear taste with the chemical nature of the 
interface Author 


N7B-21 1B4*| National Aaronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

WEAR OF ALUMINUM AND HYPOEUTECTIC ALUMINUM 
SILICON ALLOYS IN BOUNDARY LUBRICATED PIN ON 
DISK SLIDING 

John Ferrante and William A Brainard Apr 1979 27 p refs 

(NASA TP 1442 E 98091 Avail N S HC A03/MF A01 CSCL 
1 1F 

The friction and wear of pure aluminum and a number of 
hypoeutectic aluminum-silicon alloys (with 3 to 12 wt %Si) were 
studied with a pin on disk apparatus The contacts were lubricated 
with mineral oil and sliding was in the boundary -lubrication regime 
at 2 6 cm/cec Surfaces were analyzed with photomicrographs, 
scanning electron microscopy. X-ray dispersive analysis, and 
diamond pyramid hardness measurements There were two wear 
regimes for the alloys high and low whereas pure aluminum 
exhibited a high wear rate throughout the test period Wear 
rate decreased and the transition stress from high to low wear 
increased with increasing hardness There was no correlation 
between friction coefficient end hardness A leest squares curve 
fit indicated a wear-rate dependence greater than the inverse 
first power of hardness The lower wear rates of the alloys miy 
be due to the composites of silicon platelets in aluminum resulting 
in increased hardness and thus impairing 'he shear of the 
aluminum Author 


N79 22271* National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

PROCESS FOR MAKING A HIGH TOUGHNESS HIGH 
STRENGTH ION ALLOY Patent 

Joseph R Stephens and Walter R Witzke inventors (to NASA) 

Issued 27 Mar 1979 4 p Filed 13 Dec 1977 Supersedes 

N78 22205 (16 13 p 1681) Division of US Patent Appl 

SN 803822 filed 6 Jun 1977 

(NASA Case LEW 12542 2 US Patent 4 1 46 409 

US Patent Appl SN 860405 US Patent-Class 148 2 

US Patent Class 148 12F. US Patent Class 148 124 

US-Patent Appl SN 803822) Avail US Patent and Trademark 

Office 

A steel alloy is produced by a process which includes using 
cold rolling at room temperature and subsequent heat treatment 
at temperatures ranging from 500 C to 650 C The resulting 
alloys exhibits excellent strength and toughness characteristics 
st cryogenic temperatures This alloy consists essentially of about 
10 to 16 percent by weight nickel to about 1 0 percent by 
weight aluminum and 0 to about 3 percent by weight of at 
leas: one of the following additional elements copper lantha- 
num niobium tantalum titanium vanadium yttrium zirconium 
and the rare earth metals with the balance being essentially 
iron The improved alloy possesses a fracture toughness ranging 
from 200 to 23C ksi sq in and yield strengths up to 230 ksi 

Official Gazette of the U S Patent and Trademark Office 
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N7B-22274* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THC FRICTION AND WEAR OF METALS AND BINARY 
ALLOYS IN CONTACT WITH AN ABRASIVE GRIT OF 
SINGLE CRYSTAL 8IUCON CARBIDE 

Kazuhisa Miyoshi and Donald H Buckley 1979 28 p refs 

Proposed lor presentation at the Joint Lubrication Coni . Dayton. 
Ohio. 16-18 Oct 1979 cosponsored by Am Soc of Lubrication 
Engr and ASME 

INASA TM 79131 E-99731 Avail NTtS HC A03/MF A01 

CSCL 1 IF 

Sliding friction experiments were conducted with various 
metals and iron-base binary alloys (alloying elements Ti Cr. Mn. 
Ni. Rh and W) in contact with single crystal silicon carbide 
riders Results indicate that the friction force in the plowing of 
metal and the groove height (corresponding to the wear volume 
of the groove) decrease linearly as the shear strength of the 
bulk metal increases The coefficient of friction and groove height 
generally decrease and t** contact pressure increases with an 
increase in solute content of binary alloys There appears to be 
very good correlation of the solute to iron atomic ratio with the 
decreasing rate of change of coefficient of friction, the decreasing 
rate of change of groove height and the increasing rate of change 
of contact pressure with increasing solute content These rates 
of change increase as the solute to iron atomic radius ratio 
increases or decreases from unity Author 


N79-23194*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

THE STRAINRANGE PARTITIONING BEHAVIOR OF AN 
ADVANCED GAS TURBINE DISK ALLOY. AF2 IDA 

G R Halford and A J Nachtigall 1979 1 1 p refs Presented 
at the 15th Joint Propulsion Conf . Las Vegas. 18 20 Jen 1979. 
cosponsored by AIAA the Soc of Automotive Engr . and ASME 
INASA TM 79179 E 046) Avail NTIS HC A02/MF A01 CSCL 
1 1F 

The low cycle, creep fatigue characteristics of the advanced 
gas turbine disk alloy. AF2-1DA have been determined at 
1400 F and are presented in terms of the method of stramrange 
partitioning (SRP) The mean stresses which develop in the PC 
and CP type SRP cycles at the lowest inelastic stramrange were 
observed to influence the cyclic lives to a greater extent than 
the c-eep effects and hence interfered with a conventional 
interpretation of the results by SRP A procedure is proposed 
for dealing with the mean stress effects on life which is compatible 
with SRP Author 


N79 25 196' if National Aeronautics and Space administration 
Lewis Research Center Cleveland Ohio 

METAL DIELECTRIC INTERAC T !ONS 

Donald H Buckley 1979 24 i refs Presented at Conf on 

Electrical Insulation and Dielectric Phenonena Whitehaven Pa 
21 25 Oct 1979 sponsored by NRC 

INASA TM 79151) Avail NTIS HC A02/MF AO) CSCL 
1 1F 

Metal direlectnc surface interactions and dielectric films on 
metal substrates were invertigated Since mterfacial interaction 
depends so heavily on the nature of the surfaces analytical 
surface tools such as Auger emission spectroscopy X-ray 
photoelectron spectroscopy and field ion microscopy were used 
to assist in surface and interfacial characterization The results 
indicate the: with metals contacting certain glasses in the clean 
state mterfacial bonding produces fractures in the glasses while 
when a film such as water is present fractures occur in the 
metal near the interface Friction forces were used to measure 
the mterfacial bond strengths Studies with metals contacting 
polymers using field ion microscopy revealed that strong bonding 
forces could develop being between a metal and polymer surface 
with polymer transferring to the metal surface in various ways 
depending upon the forces applied to the surface m contact 
With the deposition of refractory carbides silicides and borides 
onto metal and alloy substrates the presence of oxides at the 
interface or active gases m the deposition plasma were shown 
to alter mterfacial prop ues and chemistry Auger ion depth 
profile analysis indicated the chemical composition at the interface 


and this could be related to the mechanical, friction, and wear 
behavior of the coating RES 


N7S-292S2*j|l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AN EXPERIMENTAL. LOW COST. SIUCON SLURRY/ 
ALUMINIDE HIGH TEMPERATURE COATING FOR SUPER 
ALLOYS 

Stanley G Young and Oaniel L Deadmore Jul 1979 24 p 

refs 

(NASA TM 79178 E 045i Avail NTIS HC A02/MF A01 CSCL 
1 1 F 

A duplex silicon-slurry/alumimde coating has been developed 
and cyclically tested in Mach 1 combustion gases for oxidation 
and thermal fatigue resistance at 1093 C and in Mach 0 3 
gases for hot-corrosion resistance at 900 C The base metal 
superalloys were VIA and B 1900 The coated B 1900 specimens 
performed much better in oxidation than similar specimens coated 
with alumimdes and almost as well as the more expensive Pt Al 
and MCrAlY (where M is Ni and/or Col coatings deposited by 
the physical vapor deposition process The coating also provided 
good hot-corrosion protection Metallographic X-ray and electron 
rrveroprobe studies were made to characterize the coating 
determine failure mechanisms and stjdy some of the changes 
Jue to exposure Author 


N79 29293*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

EFFECTS OF YTTRIUM. ALUMINUM AND CHROMIUM 
CONCENTRATIONS IN BONO COATINGS ON THE 
PERFORMANCE OF ZIRCONIA 1 • TRIA THERMAL BARRI 
ERS 

Stephan Stecura Jul 1979 30 p refs 

(NASA TM 79206 E 0911 Avail NTIS HC A03/MF A01 CSCL 
1 1F 

A cyclic furne- e study was conducted between 990 - 230 C 
and 1095 280 C to evaluate the effects of ytinum chromium, 

and aluminum concentrations in nickel base alloy bond coatings 
and also the effect of the bond coating thickness on the 
performance of yttria-stabilized zirconia thermal barrier coatings 
The presence and the concentration of yttrium is very critical 
Without yttrium rapid oxidation of Ni Al Ni Ct and Ni-Cr-AI 
bond coatings causes zirconia thermal barrier coatings to fail 
very rapidly Concentrations of chrommum and aluminum in 
Ni -Cr Al-Y bond coating have a very significant effect on the 
thermal barrier coating life This effect however is not as great 
as that due to yttrium Furthermore the thickness and the thickness 
uniformity also have a very significant effect on the life of the 
thermal bamet system Author 


IV7S-30366*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

TRANSVERSE AND LONQITUOINAL TENSILE PROPERTIES 
AT 760 C OF SEVERAL OXIDE DISPERSION STRENGTHEN 
ED NICKEL BASE ALLOYS 

Albert E Anglin Jr 1979 24 p refs Presented at Meeting 

of the Metallurgical Soc of the Am Inst of Mining Metallurgical 
and Petroleum Engineers New Orleans La 18-20 Feb 1979 
INASA TM 79189 E 0581 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

The transverse and longitudinal tensile properties of the oxide 
dispersion strengthened nickel base alloys MA 793. MA-754. 
MA 755E and MA 6000E were determined at 760 C Transverse 
tensile strengths were comparable to longitudinal strengths 
Transverse ductility levels generally were less then two percent 
elongation Both tensile and yield strengths inc'eesed with 
increasing strain rate over the range 0 001 to 0 05 per second 
Ductility was not strain rate sensitive but related to grain size 
and gram aspect ratio The fracture mode of most alloys changed 
from transgranular for longitudinally oriented specimens to 
intergranular lor transverse specimens Transverse properties of 
DM MAR M 200 * Hf were also determined lor compenson 

Author 
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N79 30366*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE EROSION/CORROSION OF SMALL SUPERALLOY 
TURBINE ROTORS OPERATING IN THE EFFLUENT OF A 
PFS COAL COMBUSTOR 

G R Zellars. S M Benfold A P Rowe, and C E Lowell 
1979 27 p Presented at the Advanced Mater lor Alternate 

Fuel Capable Directlv Fired Heat Engines Conf . Cestme. Maine 
30 Jul - 3 Aug 1979. cosponsored bv DOE and EPRI 
(NASA TM 79227 E- 125) Avail NTIS HC A03/MF A01 CSCL 
1 1F 

Superalloy turbine rotors in a single stage turbine with 
6 percent partial admittance were operated in the effluent of a 
pressurised fluidised bed coal combustor for up to 164 hours 
Total masa flow was 300 kg/ hr and average particulate loadings 
ranged from 600 to 2E00 ppm for several coal/sorbent 
combinations A 55 atm turline inlet gas pressure and inlet 
gas temperatures from 700 to 800 C yielded absolute gas 
velocities at the stator exit of about 500 m/s The angular 
rotation speed (40.000 rpml of the six inch diameter rotors 
was eqi <valent to a tip speed of about 300 m/s. and average 
gas velocities relative to the rotating surface ranged from 260 
to 330 m/s at mean radius The rotor erosion pattern reflects 
heavy particle separation with severe (5 to 500 cm/yr) erosion 
at the leading edge pressure side center and suction side trailing 
edge at the tip The erosion distribution pattern provides a 
spectrum of erosion/oxidation/deposition as a function of blade 
position This spectrum includes enhanced oxidation (10 to 
100 x air), mixed oxides in exposed depletion tones, sulfur rich 
oxides in deposition tones, and rugged areas of erosive oxide 
removal A W H 


N79 31372*# National Aeronautics and Space Administration 

Lewis Research Center Cleveland Ohio 

SURVEY OF ION PLATING SOURCES 

Talivaldis Spalvms 1979 25 p refs Presented at 26th Natl 

Vacuum Symp NY 2 5 Oct 1979 sponsored by the Am 

Vacuum Soc 

(NASA TM 79269 E 1881 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

Based on the type of evaporation source gaseous media 
and mode of transport the following is iiscussed resistance 
electron beam sputtering reactive and ion beam evaporation 
lomtation efficiencies and ion energies in the glow discharge 
determine the percentage of atoms which are ionized under 
typical >on plating conditions The plating flux consists of a small 
number of energetic ions and a large number of energetic neutrals 
The energy distribution ranges from thermal eneigies up to a 
maximum energy of the discharge The various reaction mecha 
nisms which contribute to the exceptionally strong adherence 
formation of a graded sustrate/coatmg interface are not fully 
understood however the controlling factors are evaluated The 
influence of process variables on the nucleation and growth 
characteristics are illustrated in terms of morphological changes 
which affect the mechanical and tribological properties of the 
coating M M M 


N79 33304*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SOME TEM OBSERVATIONS OF AI203 SCALES FORMED 
ON NiCrAI ALLOYS 

J Smialek and R C'bala (Case Western Reserve Umv Cleveland 
Ohiol 1979 34 p refs Presented at Gordon Conf on Corrosion 
New London N H 23 27 tul 1979 

INASA TM 79259 E 171) Avail NTIS HC A03/MF A01 CSCL 
1 IF 

The microstructural development of AI203 scales on NiCrAI 
alloys has been examined by transmission electron microscopy 
Voids were observed within grams >n scales formed on a pure 
NiCrAI alloy Both voids and oxide grams grew measurably with 
oxidation time at 1100 C The sue and amount of porosity 
decreased towards the oxide metal growth interface The voids 
resulted from an excess number of oxygen vacancies near the 
oxideinetal interface Short-circuit diffusion paths were discussed 
in reference to current growth stress models for oxide scales 
Transient oxidation of pure > doped and Zr doped NiCrAI was 


also examined Oriented alpha-IAI. Cr)203 and NilAI 01204 
scales often coexisted in layered structures on all three alloys 
Close-packed oxygen planes and directions in the corundum and 
spinel layers wets parallel The close relationship between oxide 
layers provided a gradual transition from initial transient scales 
to steady state AI203 growth M M M 


A79 10420 " The hot corrosion of Co-25Cr 10Ni-5Ta-3AI 

0.5Y alloy /S-57 /. G J. Santoro (NASA. Lewis Research Center. 
Cleveland. Ohio). Corrosion Science, vol IB. 1978. p 651 677 29 
refs. 

A cobalt base alloy. Co 25Cr 1 ON i 5Ta 3AI 0 5Y (S-57). was 
subjected to hot corrosion in Mach 0 3 burner rig combustion gases 
at maximum alloy temperatures of 900 and 1000 C. Various salt 
concentrations were injected into the burner 0 5. 2.5. and 10 parts 
per million synthetic sea salt and 4 parts per million sodium sulfate 
(Na2S04) The c-.tent of corrosion was determined by measuring the 
maximum depth of corrosion m the alloy, and the corrosion process 
was s’udied by metallography. X ray diffraction, scanning electron 
microscopy, and electron microprobe analysis While S 57 was found 
to Possess only moderate oxidation resistance at these temperatures, 
this alloy resisted significant hot corrosion attack under all but the 
most severe test conditions. The process of hot corrosion attack 
under the most severe conditions of this study was primarily 
sulfidation (Author) 


A79-13100 * » Some properties of low-vapor pressure braze 
alloys for thermionic converters. V. L. Bair (NASA. Lewis Research 
Center. Cleveland. Ohio). Institute of Electrical and Electronics 
Engineers. International Conference on Plasma Science. Monterey. 
Calif.. May 15 18, 1978. Paper 13 p 10 refs. 

Density, dc electrical resistivity, thermal conductivity, and linear 
theimal expansion are measured for arc melted rod shaped samples 
of binary eutectics of Zr, Hf. Ru. Nb, It. Mo. Ta. Os. Re. and W 
selected as very low-pressure braze fillers for thermionic converters 
The first two properties are measured at 296 K for Zr-21.7 at% Ru. 
Zr 1 3 w*% W. Zr 19 wfV) W. Zr-22.3 at% Nb. Nb-66.9 at% Ru. 
Hf 25 3 wt% Re, Zr-25.7 at% Ta, Ht-22 5 at% W. and Nb-35 wt% Mo 
The last property is measured from 293 K ’o 2/3 melting point for 
specified alloys of different compositions. Resistivities of 0.000055 
to 0.000181 ohm-cm are observed with the alloys having resistivities 
about ten times that of the less lesistive constituent metal and about 
three times that of the moie resistive constituent metal, except for 
Zr 1 9 wt% W and Nb-35 wt^o Mo (greater resistivitiesl Thermal 
expansion coefficients vary from 0.000006 to 0.0000105 K. All 
brazes exhibit linear thermal expansion near that of their constituent 
metals. S.D. 


A79 14955 * a Longitudinal shear behavior of several oxide 

dispersion strengthened alloys T K Glasgow (NASA Lewis Re 
sear-h Centsr, Cleveland, Ohio) American Institute of Mining 
Metallurgical and Petroleum Engineers, Pall Meeting Chicago III 
Oct 74 27. 1977 Paper 19 p 11 it , 

Twn commercial oxide dispeision strengthened (ODSl alloys, 
MA 753 and MA 754, and three e-perimental ODS alloys. MA 757E. 
MA 755E. and MA6000E. were tested in shear at 760 C Comuan 
sons were made with othei turbine blade and vane alloys All of the 
ODS alloys exhibited less shear strength than directionally solidified 
Mar M 200 • Hf or than conventionally cast B 1900 The strongest 
ODS alloy tested. MA 755E. was comparable in both shear and 
tensile strength to the lamellar directionally solidified eutectic alloy 
gamma gamma prime delta Substantial improvements in shear 
resistance were found for all alloys tested when the geometry of the 
specimen was changed f jm one generating a bansveise tensile stress 
in the shear area to on- generating a transverse compressive stress 
Finally. 760 C shear strength as a fraction of tensile strength was 
found to increase linearly with the log of the transverse tensile 
ductility (Author) 



A79 16038 a Interpolation and extrapolation of creep rup- 

ture data by the Minimum Commitment Method. I Focal-point 
convergence II Oblique translation. Ill Analysis of multiheats. S. 

S. Man sun (Case Western Reset ve University. Cleveland, Ohio) and C’ 
R Ensign (NASA Lewis Research Center. Cleveland. Ohio). In 
Characterization o* man uals lor service at elivated temperatures 
Proceedings of tlw Pressure Vessel and Pipir j Conference. Montreal. 
Canaria. June 2629. 1978. (A/9 16026 04 26) New York. American 
Society ol Mechanical Engmeeis, 19/8. p. 299-45 / 26 refs Research 
supported by the Electric Powei Research Institute and NASA. 

The framework in which minimum-commitment analyses of 
cieep-'upture data can be implemented is outlined. The approach is 
termed the focal point convergence method (FPCMI tiecausc the 
Isasic parameter A. also known as stability tactor. is geometrically the 
(imaginary) focal point of convergence ol all isothermals when 
extended to the very long or very short times necessary for such 
convergence to occur Thi* method can he implemented either by 
manual-graphical analysis or by computer code. The method is 
illustrated in detail to* the nickel hast* alloy Asboloy. as well as for 
steels, other nickel base alloys, and aluminum alloys. The minimum 
commitment concept is extended to The analysis of creep rupture 
data where each isothermal is gen-tated by ar. oblique translation of 
the master curve* when plotted loq rupture time and log stress 
axes The oblique translation method uses the same types of 
functions 'n thi* FPCM Approaches for treating multiheats on the 
basis of the FPCM are discussed m detail S D 


A79 19458 * An acoustic emission study of plastic deforma 

t»on in polycrystalline aluminium R C Bill (NASA. Lewis Research 

Center. Cleveland. Ohio). J. R Frederick, and D K. Felbeck (Michi- 
gan. University. Ann Arbor. Mich.) Journal of Material* Science vol. 
14. Jan 1979. p. 25-32. 7 refs. 

Acoustic emission experiments were performed on polycrystal 
line and single crystal 99.99 - aluminum while undergoing tensile 
deformation. It was found that acoustic emission counts as a func 
tion of gram size showed a maximum value at a particular gram size 
Furthermore, the slip area associated with this particular gram size 
correspoixied to the threshold level of detectability of single disloca 
tion slip events The rate of decline in acoustic emission activity as 
gram size is increased beyond the peak value suggests that gram 
boundary associated dislocation suurces are giving rise to the bulk of 
the detected acoustic emissions (Author) 


A79-21299 * Effects of compositional changes on the per 

formance of a thermal barrier coating sys»em. S St ecu r a (NASA 

Lews Research Center. Cleveland Oh.ot American Ceram if Society 
Annual Conference on Composites and Advanced Materials 3rd. 
Merritt Island F!j Jan 31 ?4 1979 Paper 32 P 14 rets 

Systems consistmq of Ni base bond coatings containing about 
16Cr 6Ai and from 0 15 to 1 08Y (ad in w» I and zirconium oxide 
lay^is Containing f»om 4 0 t« » ?4 4Y?03 were evaluated for 
suitability as thermal burner systems for advanced aircraf* gas 
turb»ne engine components The evaluations were performed a 
i vdic furnace hetwe< • 990 and ?80 C as well j% tir tween Iu95and 
.'HOC o< ud -I spec 'mms j natura gas ox yqen torch r .q between 

about 1200 and 100 L on solul si* omens anil up to 1580 i surface 
temperatures i oqled blades and in a Mach 1 0 burner nq up to 

1‘» C sii?*ji:e temperatures on ju ( ooled trades The data indicate 
that the lx*st system* cons st d • <>mbni qns nvotvinq The Nt 
16 4C» 5 1 At 0 15Y and Ni 1 7 OCr 54 Al 0 .> if ttond rualmgs and 
the 6 ?Y203 anil 1 9Y?03 i »M o *vt i st.u /ed /.'nmiunt oxide 
I. v**rs M L 


A79 21301 * Shear rupture of a directionally solidified 

eutectic gamma gamma prime alpha Mo alloy f H Hji * iNA v A 

l fiS S Hl'Sl j'l It 4 '»• ' I i I in* Vf .vr *-S Wr*S#'Uf< h S • **f ^ 
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engine turbine blades Then excellent high temperature stiength is 
Partly due to their directionally aligned microstructure However, 
alloys with such directional structures may display low shear strength 
at 760 C. tin ieratmg temperature of advanced blade roots The 
objective qf this investigation was to determine the shear ruptuie 
strength of the gamma gamma prime alpha eutectic alloy and 
possibly to improve it by microstructural and heat treatment 
variations Bars of gamma qamma prime al»»ha alloy containing 
nominally 5.7' Al and 33 5 Mo by weight with balance Ni were 
directionally solidified at rates between 10 and 100 mm per hour. 
Materials were solidified in furnaces with thermal gradients at the 
liquid solid interface of 250 or 100 C tier cm A limited number of 
longitudinal shear rupture tests were conducted at 760 C and 707 
MPa m the as solidified and in several beat treated conditions It was 
found that the shear rupture failures are partly transgranular and that 
resistance to failure is promoted by good fiber alignment and a 
matrix structure consisting mainly of gamma prime Well aligned 
as solidified specimens sustained the shear stress for an average of 81 
hours, while cellular material failed in one houi or less (Author! 


A79 24262 * Influence of composition, annealing treat 

ment. and texture on the fracture toughness of Ti 5AI-2.5Sn plate at 
cryogenic temperatures. R H Van Stone (GE Corporate Research 
and Development Center. Schenectady N Y I. J L Shannon. Ji . W 
S Pierce INASA Lewis Research Center, Strength of Materials 
Section. Cleveland. Ohio), and J R Low Jr (Carnegie Mellon 
University Pittsburgh, Pa I In Toughness and fracture tiehavior of 
titanium Proceedings of the Symposium Toronto. Canada. May 16, 
1977 I A79 24256 08 261 Philadelphia Pa American Society for 
Testing and Malenals 1978 p 154 179 29 refs Grant No 
NGR 39 087 04 7 


A 79 27233 * A feasibility study of a diffusion barrier 

between NLCr-AI coatings and nickel based eutectic alloys. S. G. 

Young and G R Zellars (NASA. Lewis Research Center, Cleveland. 
Ohio). (International Conference on Metallurgical Coatings San 
Francisco Calif.. Apr 3 7 1978.1 Thin Solid Films, vol 53. 1978. p 
241 250 16 refs 

Coating systems have been proposed for potential use on 
eutectic alloy components in high temperature gas turbine engines. 
In a study to prevent the deterioration of such systems by diHusion. 
a tungsten sheet 25 merons thick was placed between eutectic alloys 
and an Ni G Al layer Layered test specimens were aged at 1100 C 
for as long as 500 h Without the tungsten barrier the delta phase of 
the eutectic deteriorated by diffusion of niobium into the Ni G Al 
Insertion of the tungsten barrier stopped the diffusion of niobium 
from the delta phase Chromium diffusion from the Ni G Al into the 
gamma gamma prime phase of the eutectic was greatly reduced by 
the barrier However the barrier thickness decreased with tune, and 
tungsten diffused mtu both the Ni Cr Al and the eutectic. When the 
delta platelets were aligned parallel rather than perpendicular to the 
Ni G Al layer diffusion into the eutectic was reduced (Author! 


A7928276 * An oxide dispersion strengthened alloy for gas 

turbine blades T K Glasgow (NASA Lewis Research Center. 
Cleveiu J Ohio) In Structures. Structural Dynamics and Mater .als 
Conference 20th. St Louis. Mo Apr i 4 6. 1979 Technical Papers 
on Dynamics and Loads (A79 28251 10 391 New York American 
Institute of Aeronautics ami Astronautics Inc . 1979 p 249 255 1? 
rets IAIAA 79 0763) 

The strength of The n»*wly developed alloy MA 6000E is derived 
from a "oh el alloy base, an enlcmgated gram structure, naturally 
occurring precipitates of gamma prime, and an artificial distribution 
of extremely fine, •.table oxide particles Its composition is Ni 15% 

0 7* Mo 2% T a 4 W4 5% Al 2 5 . T, 0 15% ZrO 05% CO 01% 
B 1 1 Y?03 It exhibits strength o’ a o nventional m kel base alloy 

at 1400 F put is quite superior at 2000 F Its shear strength is 
relatively low necessitating consideration of spec. a! joining pro 
cedures Its high cycle low ycle. and thermal fatigue properties are 


excellent The relationship between alloy micro it ructure and proper- 
ties it discussed. (Author) 


A7S-32600 * Effects of thermomechamcal processing on 

strength end toughness of Fe12Ni reactive metal alloys at 77K J R 
Stephens and W R Witzke (NASA Lewis Research Center. 
Cleveland. Ohio) Cryogenics, vol 19. Mar 1979, p 163-160 10 
refs. 


A79-3499? * » Characterization of defect growth structures in 
ion plated films by scanning electron microscopy. T Spalvins 
(NASA, Lewis Research Center. Cleveland, Ohio). American Vacuum 
Society and American Society tor Metals. International Conference 
on Metallurgical Coatings, San Diego. Calif. Apr 23 27. 1979. Paper 
10 p. 9 refs. 

Gold and copper tilms 10.2 2 micron thick) are ion plated on 
very smooth stainless steel 304 and mica surfaces The deposited 
films are examined by SEM tc identify the morphological growth of 
defec’s. Three types of coating detects are distinguished nodular 
growth abnormal or runaway growth, and spits. The potential 
nucleation sues for detect growth are analyzed to determine the 
cause of defect formation. It is found that nuclear growth is due to 
inherent surface microdefects, abnormal or runaway growth is due to 
external surface inclusions, and spits are due 'o nonuniform 
evaporation and election of droplets. All these defects have adverse 
effects on the coatings. S O 


A79-34995 * * Fretting wear of iron, nickel, and titanium 

under varied environmental conditions R C Bill (NASA. Lewis 
Research Center U S Army Aviation Research and Development 
Command, Cleveland. Ohio! ASME ASLE ASM, ASTM SAE, 
SMC. ACS. AIMS, and APS. International Conference on Wear of 
Materials. Dearhorn. Mich Apr 16 18. 1979. Paper 29 p 21 rets 
Fretting wear experiments were conducted on high purity iron, 
nickel and titanium tn air under conditions of varied humidity and 
temperature, and in nitrogen For iron and titanium, maximum 
fretting occurred at 10 and 30 percent relative humidity respectively 
Nickel showed a minimum in fretting wear at about lO'k. relative 
humidity With increasing temperature, all three metals initially 
showed reduced fretting weai. with increa'mg wear observed as 
temperatures increased beyond 200 300 C For Itanium, dramatical 
ty reduced netting wear was observed at temperatures above 500 C. 
lelatable to a change in oxidation kinetics All three metals showed 
nuch less fretting wear in N2 with the presence of moisture tn N2 
saving a proportionally stronger effect than in an (Autfior) 


A79 34997 * Adherence of sputtered titanium carbides W 

A B'ama'd and D R Wberlei (NASA Lewis Research Center. 
Cleveland, Ohio) American Vacuum Society and American Society 
tie Metal : International Conference on Metallurgical Co, mgs. San 
Diego Calif Apr 23 27. 1979 Pa/rer B p 15 refs 

The study searches tor interface treatment thal wouli .icrease 
the adhesion of TiC coating tu nickel and titanic base sl'oys i.en^ 
41 ft9 wt peicent Ci. 1 1 wt percent Mo. 3 wt percent T .alance Ni) 
and T i 6AI 4V (6 wt percent Al 4 wt percent V. balance Ti) are 
considered. Adhesion of the coatings >s evaluated in pm and disk 
friction tests The coalings and mter'see legions are examined by 
X ray phntoelpctron spectroscopy Results suqgest that sputtered 
refractory compound coatings adhere best when a mixed compound 
of coawig jnd substrate met. ns is formed n the mtertacial region 
The most effective type of retijrtory compound interface appears to 
depend on both substrate and coating mate a A combination of 
metallic interlayei deposit, m and mixed compound interlace turma 
Pun may fie more elective for some sutntijlr coating combinations 
than eithei alone S D 


A 7 fk 389 77 * * The strainringe partitioning behavior of an 

advanced gas turbine disk alloy. AF2-1DA. G. R. Halford and A J. 
Nachtigall (NASA. Lewis Reseaich Canter, Cleveland, Ohio) AIAA, 
SAB. and ASMS Joint Propulsion Conference. 15th. Las Vegas. 
Nev., June 18 20. 1979. AIAA Paper 79 1 192 10 p 14 V 

The low-cycle, creep-fatigue characteristics of the advanced gas 
turbine disk ailoy, AF2-1DA have been determined at 1400 F and 
are presented in terms of the method of stramrange partitioning 
(SRP) The mean stresses which develop in the PC (tensile Plasticity 
reversed by compressive Creep) and CP (tensile Creep reversed by 
compressive Plasticity) type SRP cycles at the lowest inelastic 
strainrange were observed to influence the cyclic lives to a gieater 
extent than the creep effects and hence interfered with a conven 
tional interpretation of the results by SRP A procedure is proposed 
for dealing with the mean stress effects on life which is compatible 
with SRP. (Author) 


A79-39972 * A proposed physical model for the impreg 

nnled tungsten cathode based on Auger surface studies of the Ba-O-W 
system. R Forman (NASA, Lewis Research Center. Cleveland. 
Ohio). Applications of Surface Science, vol 2. 1979, p 25&274 15 
refs. 

Auger spectra and work (unction measuiements are used to 
study the suitace reactions between tungsten surface and adsorbed 
lavets of barium, and barium and oxygen The barium on an 
impregnated tungsten cathod seems to be an intermodule slate, 
probably a coadsorbed barium-oxygen layer on tungsten A slightly 
revised version of the previously suggested (1976) impregnated 
tungsten cathode model is proposed. This revised model assumes that 
the cathode surface during life has an adsorbed surface la«et of a 
monolayer or less of both barium and oxygen on the surface At end 
of life steep drop in electron emiss ’ and resultant cathode failure 
occur. Recent NASA life test results on TWT type tubes are reported 
and explained by the proposed model. S D 


A79-49531 * » Transverse and longitudinal tensile properties 

at 760 C of several oxide dispersion strengthened nickel bese alloys 

A E Anglin. Jr INASA, Lewis Research Center, Cleveland, Ohiol 
American Institute of Mining Metallurgical, and Petroleum Engi 
neers. Annual Meeting, 108th New Orleans Feb 18 20 fP’9. 
Paper 22 p 8 refs 

The transverse and longitudinal tensile propeities of the oxide 
dispersion strengthened nickel base al'oys were determined at 760 C 
The alloys with small amounts of gamma prime have strength levels 
suitable for turbine vane applications, while other highly alloyed 
gamma prime strengthened superalloys have strengths typical of 
turbine blade materials These alloys were produced by mechanical 
alloying and extrusion and the turbine blade alloys were also 
directionally recrystalli/ed Resultant giam aspect ratios varied from 

I 1 to over 20 1 Longitudinal tensile strengths ranged bum 285 to 

I I 75 MPa. while longitudinal elongations wine in excess ot 4 percent 

lor all alloys Tiansverse tensile strengths were compaiubie tu 
longitudinal strengths but transverse ductility levels were generally 
less than 2 percent elongation Tensile and yield strengths mcieased 
with increasing strain rale over the range 0 001 to 0 05 pei sect od 
Ductility in both orientations was not strain rate sensitive but could 
be related to gram size and gram aspect >atio i Author I 


A79 50912 * Chemically frozen multicomponent boundary 

layer theory of salt and/or ash deposition rates from combustion 

gases D E Rosner. B K Chen (Yale Universty New Haven 
Conn G C Fiyburg. and F J Xohl (NASA. Lews Reseaich 
Center, Cleveland. Ohio) Combustion Science and Technology v n 
20 no 3-4. 1979 p 87 106 57 refs Giant N NsG 3107 

There s increased interest in. and concern about, deposit. on and 
cuiiuS'O'i phenomena in combustion systems containing ino'qa ' t 
condensible vapors and particles (sabs, ash) Tn meet the need lO' a 
computationally tractable deposition rate theory general enough to 
embrace multielement component situations of cunent and future- 
gas rurtsine and maqnelugasdynamic interest, a multicumpune"t 





chemically frozen' boundary layer (CFBL) deposition theory is 
ptesented and its applicability to the special case of Na?S04 
deposition from seeded laboratory buinci combustion products is 
demonstrated. The coupled eflects ol Fick Iconcentralionl diffusion 
and Soret (thermall diffusion are included, along with explicit 
corrections tor effects of variable propeities and free stream 
turbulence The present formulation is sufficiently general to include 
the transport of particles provided they are small enough to be 
formally treated as heavy molecules. Quantitative criteria developed 
to delineate the domain of validity of CFBL rate theory suggest 
coiisi del able practical promise foi the present Iramework, which is 
characterized by relatively modest demands for new input informa- 
tion and computei time. (Author) 


A7952697 * Analysis of solidification interface shape 

during continuous casting of a slab. R Siegel (NASA. Lewis Research 
Center, Cleveland, Ohio ) International Journal ot Heat anil Mass 
Transfer, vol 21. Nov 1978, p 142) 1430 I 1 refs. 

An analysis was made ol the two dimensional interface shape of 
a slab ingot being cast continuously by withdrawing it from a mold. 
The sides of th-- ...gut jic being cooled and the uppei boundary of 
the ingot is m contact with a poul ol molten metal The solidification 
inteiface shape was determine I (t un the analysis of the heat flow, 
utilizing the condit'oi that the solidification interface is at constant 
temperature and must be norm.il to the lines of heat (low carrying 
away latent heat of fusion h i the inteiface. The analysis includes 
the effect of interface curvet.. which tor a constant rate of 
withdrawing the cast ingot from the mold, causes the solidification 
to be nonuniform along the intci lace The analysis was earned ou' 
by a conformal mapping proce lure lAutbor) 


N79 lit 80’ « TRW Inc Cleveland Ohio 

EXPLORATORY THERMAL MECHANICAL FATIGUE RE 
SULTS FOR RENE 80 IN ULTRAHIGH VACUUM 
Final Raport 11 Jul 1977 1 1 Jul 1978 

A A Shemker Oct 19 78 73 p -efs 
i Contract NAS3 71019 

i NASA CR 1 59444 TRV.FR 8028 Avail NTIS 

HC A03 Mf AO I CSC.L 1 H 

A limited studv was conducted .1 the use ol stramage 
pafMioning to* predicting Pie Itieimalmechanicftl tatigue Me ol 
cast nickel hase supeialloy Hene 80 The lahque lives obtained 
try combined inphasp theimal and mechanical sham cycling 
between 400 C lb? F and 1000 C '802 F m an ultiabigh 
vacuum wer. cons.de'ahiv sho-te' than those 'epiesenred bv 
the lou' t asic pa'Id'Oi eg nieij-.M sl'aimange fatigue hfe 
relationships established previously tor th-s allov at 87 1 C 
1 I 6 OO F and 1000 C "R32 F r an ..Itrahigh vacuum This 
behavioi was att’ibuterl t- the drastic decrease in ductility with 
decieasing tempe ature lo> H is alloy Tfiese ’esuils indicated 
that the predirticv nt the thermal met tiarm al let-que hfe of Rene 
RO by the methn i nt sti.iinrangr* partionmg rnay be imp'oved *f 
based i*n Hie i. i .is r.ihg .e li*c -elaPonships determined a» 
a lo w e - te-r.pei <• ■' e rhem a: ’echamcal spam cycle 

Author 


N78 12202* it Carnegie Mellon Inst of Research Pittsburgh 

Pa 

EVALUATION OF THE MECHANICAL PROPERTIES OF 
i Lf CTROSLAQ REFINED Fe 12Ni ALLOYS 
G * Bhat Ap> 19 78 70 P tefs 

iContrect NAS3 203701 

(NASA CR 1593941 Avail NTIS HC A04 MF A01 CSCL 
11F 

Three Fe 1 2 Ni ' Hoys individually alloyed with smell amounts 
of V Ti *nd Al wait manuvctu'ed through different melting 
techcigoes * th special emprjsis on electrosieg remelting in 
Older to a » different la els of metal purity and associated 
costs The -elahve effectiveness ut these melting techniques was 
evaluated horn tensile and slow bend hactuie toughness behavior 
at 25 L and 196 C afte' ’empenng the lest specimens et 
venous tempe'alu'es The besi melting procedure was vacuum 


induction melting (VIM! with or without electroslag remelting 
IESRI VIM * ESR is the recommended procedure since ESR 
provides increased yield of plate product a reduction of overall 
manufacturing costs end depending on the alloy composition, 
improved tensile and fiactuie toughness properties G G 


N79 16948* * General Electric Co Schenectady N Y Corporate 
Research and Development Center 

EVALUATION OF DIRECTIONALLY SOLIDIFIED EUTECTIC 
SURER ALLOYS FOR TURBINE BLADE APPLICATIONS 
Final Raport 

Michael E Henry Melvin R Jackson and John L Wallet Apr 
1978 107 p tefs 
IContract NAS3 19711) 

(NASA CR 135151 SRD 78 198) Avail NTIS 

HC A06/MF A0 1 CSCL 11F 

Alloys from the following systems were selected foi property 
evaluation (1) gamnia/gamma Mo (Ni base rods of Mol. 
(2) gamma beta (Ni base lamellae or rods of (Ni Fe/Co All 
and 13) gamma gamma INi base rods of Ni3AI gamma) The 
three alloys were subjected to longitudinal and tiansverse tensile 
and ruptn'i) tests from 750 C to 1100 C longitude 'I shear 
strength was measured at several temperatures resistance to 
thermal cyclmg to 1150 C was determined cyclic oxidation 
resistance was evaluated at 750 C and 1 100 C and zach system 
was directionally solidified in an alumina ..hell mold turbine shape 
to evaluate mold/ metal reactivity The gamma/gamma Mo system 
has good • pture resistance transverse properties and proces 
sability and is a high potential system for turbine blades The 
gamma beta system has good physical properties and oxidation 
resistance and is a po'ential system foi turbine vanes The 
gamma gamma system has good high temperature rupture 
resistance and requires further exploratory research A R H 


N7B- 20221 *# Minnesota Umv Minneapolis 

WHISKERS CONES AND PYRAMIDS CREATED IN 
SPUTTERING BY ION BOMBARDMENT Final Report 

G K Wehner Mar 1979 47 p refs 
(Grant NsG 30411 

INASA CR 1 595491 Avail NTIS HC A03/MF AOI CSCL 
1 1 F 

A thorough study of the role which foreign atoms play in 
cone formation during sputtering of metals revealed many 
experimental facts Two types of cone formation were dis- 
tinguished deposit cones and seed cones Twenty six combma 
bons of metals for seed cone formation were tested The sputtering 
yield variations with composition for combinations which form 
seed cones were measured It was demonstrated tbaf whisker 
growth becomes a common occurrence when low melting point 
material is sputter deposited on a hot nonsputtered high melting 
point electrode G Y 


N7B 20222* § General Electric Co Schenectady N V 

EVALUATION OF AN ADVANCED DIRECTIONALLY 
SOLIDIFIED GAMMA GAMMA' ALPHA Mo EUTECTIC 
ALLOY 

M F Henry M R Jackson M F X Gighotii and P B Nelson 
Jan 1979 67 p refs 
I Com i act NAS3 20383) 

INASA CR 159416 SRD 78 1911 Avail NTIS 

HC A 04 MF AOI CSCL 1 IF 

An attempt was made to improve on the properties of the 
candidate jet engine turbine blade material AG 60 a gamma/ 
gamma prime alpha Vo eutectic composite Alloy 38 IAG 1701 
was evaluated in the greatest derail This alloy Ni 5 88 Al 29 74 
Mo 1 65 V I 2C Re Iweight pe'ceni) represents an improvement 
beyond AG 60 based on mechanical teshng of the tiansverse 
and/or longitudinal orientations ovei a range of temperatures in 
tension shear lupluie and 'upturn afte' thermal exposure It is 
likely 'hat oilier alloys >n me study rep'Ssent a similar improve 
men! G Y 


79 



N7„ 24121’a AiRxxsearch Mfg Co Phoenix An/ 

LOW COST DIRECTIONALLY SOLIDIFIED TURBINE 
BLADES. VOLUME 1 Comp*etxon Report 

L W Sink G S Hoppm III and M Fu|ii Jan 1979 272 p 
(Contract NAS3 200731 

(NASA CR 159464 A,‘i irch 21 2953 1l Av/' NTIS 
HC A12 MF A01 CSC 

A low cost process ci r* anufacluimg t-tgh stress rupture 
strength directionally solidified high pressure turbine blades was 
successful!* developed lo Ihe TFE731 3 Turbofan Engine The 
basic proce'smg parameters were established using MAR M 247 
and amp! ng the exothermic dnectiona 1 solidification process 
in tria' cas’ings of ’urbme blades Nickel based alloys were 
evaluated as direc’ -ally solidified cast blades A new turbine 
blade disk and assoc ated components were then designed using 
previously determined material p opertn Engine tes s were run 
and the results were maly/ed and compared to the originally 
established goals The results showed that the stress rupture 
strength of cvothe-'-'.cjlly heated directiona'iy soldi. •ed MAR- 
14 747 tu'brr ■ blades exceeded program obiecbves »nd that 
the performance and cost reduction goals were achieved RES 


N79 25184*» Yale I iv New Haven Conn Higli vnperatuie 
Chemical Reaction cngmecng La . 

EXPERIMENTAL STUDIES OF THE FORMATION 

DEPOSITION OF SC HUM SULFATE IN FROM COMBUS 
TION C '.SES Semiannu . Report IS May 15 Nov 1978 

Oaniel E Rosner 15 Nov 1978 16 p refs 
G'am l.sG 3169 

NASA CR 159613 SAR 2 Ava» NTIS HC A02 ME A01 
CSCL 218 

Intede err„ in a reflected bom of monochromatic I;, uni 
a linearly poiarr/ed helium neon laser was used to determine 
me dew pc '” -no deoosition ute of 203 on a heated platinum 
target Preliminary -esu • .. at different BCl 3 seed levels except 
lor one flow velocity and equivalence rat o i 8'" are presented 
and discussed Alkali chlunde reactions with »*torrtc oxygen 
were also investigated Read y detectable Na* g' and K* g 
•'ons were observed in emission /’ 589 m 7 66nm 796nm 
respective!, A H H 


N79 26196‘» Pit.sburgh Un.v Pa Dept of Metallurgical 
and Mater.alu Eng.nee'ing 

AN INVESTIGATION OF THE INITIATION STAGE OF HOT 
CORROSION IN Ni BASE ALLOYS Progress Report 

T T Huang and G H Me - er 31 Ma f 1979 44 p refs 
{Grant NsG 3214 ) 

NASA CR 15. i 1 6 Av-il NTIS HC A03 MF A01 CSCL 
• IF 

The mec’ia" sm, wh.ch ead to me destruction of a normally 
protective scare d .-mg me nitial stages of ot corrosion of 
’4 nickel P’Se alloys cc. tam.nated with Na2S04 and other 
Ci '.d-r-ied deposits wrt investigated A continuous -ead.ng 
mic-obaiance was used to reunj we gnt changes at terrpe atures 
between 900 C an o ’000 C at ’ atmosphere pressure of 
slowlv flowing oxygen The -eachon was initiated by losing a 
I -eheaten ' irnace fr nd the quad" "ube in which the specimen 
was supooded with oxygen flowing The lu'na-e was -as^d m 
a me oe' od of seconds A* 900 C the systen xnd specimen 
came tr me mal equ l bnum ,r. less man one mir.ute L,. '••r/d 
spe ,r ‘x were studied u'ng opt cal and scanning electron 
metallography and X oiff'actron techniques Transmission 
elect'On rricoscopy xnd electron diffraction spentrostvipy we'e 
aiso .sed to identity me ;t'uct„re of carbides m some c' 'he 
commercial alloys A R H 


N79 2Ci73*» Battelle uolumuus Labs Ohio Metalworking 
Section 

COMPUTER AIDED ANALYSIS ANO OESIGN OF THE 
SHAPE ROLLING PROCESS FOR PRODUCING TURBINE 
ElluiNE AIR c 0'LS Intanm Topical Report 1 Oc* 1976 
31 Dec 1977 

C f r LahOt N Akiyerm/ a r d T 


(Contract NAS3 203801 

(NASA CR 1353671 Avail NTIS HC A04/MF A01 CSCL 
1 IF 

Mild steel IAISI 10181 was selected as model cold rolling 
materiel and Ti 6AI 4V and INCONEL 718 were selected as 
typical hoi rolling and cold -Oiling alloys respectively The flow 
stress end workability of t-iese alloys were characterized and 
friction factor at the roll/ workpiece interlace was determined at 
their respective working conditions by conducting ring tests 
Computer-aided mathematical models for predicting metal flow 
and stresses and for simulating tie shape-rolling process were 
developed These models utilize the upper bound and the slab 
methods of analysis and are capable of ’predicting the lateral 
spread roll separating foiue roll torque a.id local stresses strains 
and strain rates This computer aided design (CAO) system is 
also capable of simulating the actual rolling process and 
thereby designing oil pass schedule .n rolling of an airfoil 0 ' 
similar shape The predictions from the CAD system were venfied 
with respect to cold rolling of mild steel plates The system is 
being applied to cold and hot isothermal rolling of an airfoil 
shape and will be ve ified with respec! to laboratory experiments 
unde' controlled conditions Author 


N79 32326* » Pratt and Wh tney Aircraft Group West Palm 
Beech. He Government Products Drv 

DEVELOPMENT OF SPUTTERED TECHNIQUES FOR 
THRUST CHAMBERS Final Report 

J R Mullaly and P A Allard Mar 1979 96 p refs 
I Contract NAS3 20377 

(NASA CR 159637 FR 114(79 Avan NTIS 

HC A05 MF ACM CSCL 1 1F 

The 0 152 cm thick sputtered and copp.'r deposits were 
electron beam welded to wrought copper Trnsile specimens 
we'e machined from the weld assemblies and tested at room 
tempe’ature Tensile strength approached the strength of wrought 
material Elongations up to 25% we'e measured Sputtered 
aluminum wa used to nil 0 1b 7 -n wide by 0 127 cm deep 
grooves m thrust chambe spoo piece Imers The liners were 
closed out by sputtenng coppe' from post and hollow cathodes 

Author 


N 79 33306** V\estinghouse Astro dear Lab P'tfourgh Pa 

INTEROIFFUSION PEHAVIOR OF TUNGSTEN OR RHEN 
IUM AND GROUP 5 AND 6 ELEMENTS ANO ALLOYS OF 
THE PERIODIC TABLE PART 2B APPENDICES Final 
Report 

F G Arcelij Sep 1974 261 p 'efs 
iContract T 13231 1 

(NASA- "A 52b YVANl M FR 74 005 Pt 2) Aval N T '« 
HC AX • . CSCL 1 IF 

•How ng are appended 1i The Hartley Computtr 
Pi vgr« 2 The Lifshin Compute’ Prog am 3 Modification of 
the Colby Maaic Program fo Quantitative Electron Mic'OP'ube 
Analysis and |4| Error and Correction Analyst (n M M 


Allan Ma- 19/8 65 p 



27 NONMETAILIC MATERIALS 

Includes physical -hemical and mechanical prope lies 
of plastics elastomers lubncants polymers leatiles 
adhesives and ceramic materials 


N79 11216’* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MODIFICATION OF 1 HE ELECTRICAL AND OPTICAL 
PROPERTIES OF POIVT'ERS Patent Application 

M J Mirtich and James l Sovev inventors llo NASAI Filed 
7 Nov 1978 1 1 p 

(NASA Case .EW 13027 1 US Pat»~' Appl SN 9585751 Avail 
NTIS HC A02 /MF A01 CSCL 07C 

The surface ol a polymer is irradiated to mod "y the optical 
and electrical properties as well as to change the surface 
morphology A polymer is placed in a viv'ium of about 4s 10 
to the minus 5th power torr A surface of the polymer is exposed 
to a beam of argon ions having an energy between 500 and 
1000 eV and an ion beam cunem density between 0 1 and 
1 0 mA sq cm The .«>ultmg texturing of the surface causes a 
large decrease in specnei transmittance at all wavelengths The 
suiface conductivity of the polymei is also .ncieased The te' - ed 
surface further enhances the adherence of thm films to me polymer 
A poly ”'de iKaptan) and a fluonnated ethylene propylene 
(Tefionl are surface (r- ated in accordance with th; invention 

NASA 


N79 12223*1 National Aeionautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DEVELOPMENT OF SPRAYED CERAMIC SEAL SYSTEMS 
FOR TURSINE GAS PATH SEALING 

Robert C Bill rAVRADCOM Res and Technol labs) L T 
Shiembob iP'att and Whitney Aircaft Group East Hartford Conn I 
and 0 l Stewart P'att and Whitney wircraft Group East Hartford 
Conn I 1978 22 p refs Piesented at the Winter Ann Meeting 
San Francisco '0 15 Dec 1978 sponsoied by Am Soc of 
Mech Eng' 

i NASA TV 79022 E 9819 AVRADC0V TR 78 52' Avail 
NTIS HC A02 MF A0 1 CSCL 11A 

A ceramic seal system ic epoded that employs plasma 
sprayed graded metal ceramic yttna stabilised zirconium oxide 
iYSZ' The performance cha'ac'enstrcs ot several YS2 contigura 
lions were determined through rig testing foi thermal shock 
'esistance abradability a n d e os pn esistancc R;- r*t* indicate 
that this type ot sealing system offers tne poisnuji to meet 
operating requirements ot lutu'e gas turbine j-.q •-ec G G 


N78 1316R*» National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

LUBRICATION AND FAILURE MECHANISMS OF MOLYB 
DiNUM DISULFIDE FILMS 1 EFFECT OF AT 

MOSPHERE 

Robert L Fusa'O Dec >9/3 29 p 

iNASA TP 1343 F 9600) Avail NTIS HC AC3 VF AO I CSCL 

1 1 H 

Friction wear and v.ear lives of rubbed molybdenum disulfide 
MoS2 films applied lo sanded 440C h*T steel surfaces were 
evaluated in moist an d.y an and dry a'gon Optical microscope 
observations were made «s a functio.. of sliding distance to 
determine the affect of moisture and oxygen on the lubricating 
and lailuie mechanisms of McS2 films In general the lubrication 
process consisted of the formeton ot a thin metallic colored 
coalesced film of MoS2 that flowed between the turfeces in 
relative motion In air failure was due tc he transformation ot 
tha metallic colored coalesced film, t-i .. tlack pot-'dery material 
Water in the an app-iarad to ec ixterste tr « transi.umation rate 
in argon no tianslormat jr- ol L-j ' >»a. observed w.lh the 
microscupe but cracking x- ■» ^i^iimg pi • «. coalesced film 
oxcurreo and resulted n th. j aduai de < he film 

Author 


N7R-131S#*| National Aeronautics and Specs Administration 
Lewis Research Center Cleveland Ohio 

LUBRICATION ANO FAILURE MECHANISMS OF MOLTS 
OENUM DISULFIDE FILMS 2: EFFECT OF SUBSTRATE 
ROUGHNESS 

Robert L Fusero Dec 1978 30 p refs 

(NASA TP 1J79 E 97151 Avail NTIS HC A03/MF A01 CSCL 

1 1 H 

An optical microscope was used to study the lubrication 
and failure mechanisms of rubbed MoS2 films applied to three 
substrate surface finishes polished sanded and sandblasted as 
a function of sliding distance The lubrication mechanism was 
the plastic flow of thin films ol MoS2 between flat plateaus on 
the rider and on the metallic substrate If the substrate was 
rough flat plateaus were created during run in and the MoS2 
flowed across them Wear life was extended bv increasing surface 
roughness since valleys in the roughened substiate served as 
reservoirs fo' MoS2 and as deposit sites for wear debris In 
moist ai the failure mechanism was the transformation of metallic 
colored MoS2 films to a black powdery malarial that was found 
by X ray diffraction to be alpha iron. Mo03 and possibly FeMo03 
In dry argon the failure mechanism was the gradual depletion 
of MoS2 from the contact region by transverse flow and the 
wear debris on the track at failure was alpha iron residual MoS2 
and possibly FaS nor 


N79 151S4*f National Aeronautics and Space Administration 
Lewis Research Cen’sr Cleveland Ohio 

EFFECT OF N ITR 0 0 E N CO N TAIN I N G PLASMA ON 
ADHERENCE. FRICTION. ANO WEAR OF RADIOFRF'' JEN 
CY SPUTTERED TITANIUM CARRIDE COATINGS 

William A Bramard and Donald R Wheeler Jan 1979 21 p 

refs 

i NASA TP 137 7 E 968 1 1 Avail NTIS HCA02. VFAOI CSCL 
1 ID 

Friction and wear experiments on 440C steel surfaces that 
were rf sputtered with t tanrum carbide when a small percentage 
of nitrogen was added to the plasma were conducted "n'h 
X ray photoelectron spectroscopy and X ray diffraction were used 
to analyse the resultant coatings Results indicate that the small 
parval pressure of mitogen (approximately 0 5 pe'centl markedly 
improves the adherence friction and wear properties when 
compared with coatmgs applied to sputter etched surfaces 
oxidized surfaces or m the presence of a smell oxygen partial 
pressure The imp'Ovements are related to the formation of an 
interface containing a mixture ot the nitrides ol I tanium and 
iron which a e harder than then conespondmg pudes A RH 


N79 16186‘» National Aeronautics and Space Administration 
Lew.* nesea'Ch Center Cleveland Ohic 

BOUNDARY LUBRICATION. THERMAL ANO 0XI0AT E 
STABILITY OF A F LU 0 R INATi 0 POLYETHER AND A 
PERFLUOROPOLYETHER TRIAZINE 

William R Jones Jr and Cad E Snyder Jr iAFML Ohiol 1979 
24 p refs Proposed to' presentation at Ann Meeting of the 
Am Soc ol Lubrication Engineers St Louis Mo 30 Apr 
3 May 1979 

iNASA TM 79064 E 98791 Avail NTIS HC A02, MF A01 
CSCL 1 1 H 

Boundary lubricating characteristics thermal stability and 
oxidation corrosion stability were determined Tor a fluonnated 
polyslhar and a perfluoiopoiyethe' tnann* A ban on disk 
a pa'atus a tensrmete' and onJation conosion appaiatus ware 
used Results we>e compared to data fo> a polyphenyl athei 
and a C ether The poiye(he> and triazine yielded belter boundary 
lubncatmg cbaractcistics than either the polyphenyl ether or 
C ether The polypheny) etner had the greatest therm*, stability 
44’ C' while the other fluids had stabilities in the 'inga 389 
to 39 7 C Oxidation corrosion results indicated the lollowm ; order 
of s'abiht.es perfluoiopoiyethe’ triune greater than pol f ph#nyl 
athc greater than C ethe graate than fluonnated polyethar 

Author 
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N76 161M*f Nation*! Aeronautics and Space Administration 
Lewis Rssaarch Cental Cleveland Ohio 

EFFECT OF THERMAL AGING ON THE TRIBOLOGICAL 
PROPERTIES OF POLYIMIDE FILMS AND FOLYIMIOE 
BONDED GRAPHITE FLUORIDE FILMS 

Robert L Fusaro 1979 32 p rafs Proposec ‘or treser.iat.or 
at th* 34th Ann Meeting St Louis 30 Apr _ May 1979 
Sponsored by the Am Soc of Lubrication Engr 
(NASA TM 79045 E S . 79-1) Avail NTIS HC AOJ/MF A01 
CSCL 07 C 

Weight loss adherence fnction and wear ol pofymvde film* 
and polyimide bonded graphrte fluoride films applied to stainless 
steel disks ana to 304 stainless steel thin foils were studied 
The films were exposed at temperatures of 315 0 345 D 
370 0 or 400 C for 100 hours or more and then evaluated at 
temperatures of 25 0 315 0 or 345 C m atmospheres of dry 
o' -notst air Polyimide films were found to be brittle after thermal 
exposure but polyimide bonded graphite fluoride possessed good 
adherence and gave low friction and wea> results Polyimide 
bonded graphite fluoride films appea' to be good candidates for 
solid lubrication applications where long thermal soaks are 
prevalent G G 


N79 16984*# National Aeronautics and Space Administration 

Lewis Research Center Cleveland Oh.o 

HIGH VELOCITY BURNER RIG OXIDATION AND THERMAL 
FATIGUE BEHAVIOR OF Si3N4 AND SrC BASE CERAMICS 
TO 1370 DEG C 

William A Sanders and James R Johnston Nov 1978 44 p 
rafs 

(NASA TM 79040 E 98421 Avail NTIS HC AC3/MF AO! 
CSCL TIB 

One SiC material and three Si3N4 materials including 
hot pressed Si3N4 as a baseline were exposed in a Mach 1 gas 
velocity butnei ng simulating a turbine »igine environment Criteria 
for the materials selection were potential foi gas turbine usage 
near net shape fab' :3fcun, d commerce domestic availab l 
ny Cyclic exposures of lest va to 250 cycles 150 hr at 

tempereturel were at lead'";, edge temperature', to 1370 C 
Materials and batches weie compared as to weight change surface 
change fluorescent penetrant inspection and the'mal fatigue 
behavior Hot pressed Si3N4 survived the test to 1370 C with 
slight weir-ht losses Two types ol reaction sirteied Si3N4 
displayed nigh weight gams and conside'able weight change 
variability with one material exhibiting supeno' tnermai fatigue 
behivior A siliconi/erf SiC showed slight weight gams but 
con; iderable batch variability in thermal fatigue Author 


N78 20240*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

WIDE TEMPERATURE SPECTRUM SELF LUBRICATING 
COATINGS PREPARED BY PLASMA SPRAYING 

Ha'Otd E Sfmey 1979 10 p r»fs Presented at the Intern 
Conf on Mat Coatings San Diego Calif 23 27 Apt 1979 
coeponsored by the Am Vacuum Soc and the Am Soc foi 

Metal* 

(NASA TM 79113 E 99451 Avail NTIS HC A02 Mf ALU 
CSCL 1 1 H 

Seff lubncalmg multicomponent coatings which lubricate 
over a wide range of pperat ng conditions are described The 
coalings were successfully eppl.ed by plasms spraying mixed 
powders onto supeialloy substrates They were evaluated in 
friction and weai experiments and m sliding contact Dealing 
tests These coatings aie wear resistant by virtue of the.' self 
lubricating characteristics tatner than because of extreme 
hardness a further benefit is low frictior. Experiments with simple 
pin on disk sliding specimens and oscillating plain cylindrical 
bearing tests were performed to evaluate ti..» tribological properties 
o' the coatings It was shown that coatings of mchiom* glass 
and calcium fluoride aie self lubricating from about 500 to 
900 C but give high friction at the lowei temperatures The 
addition of tilvei to the coating composition impioved the low 
temperature bearing properties and resulted in coatings which 
art sell lubricating from cryogenic temperatures t at .east 870 
C they are therefore wide temperature spectrum sell lut" eating 
compositions L S 


N7B 21204*1 National Aeronautics and Spec* Administration 
Lewis Research Cantar Cleveland Ohio 

EFFECT OF OXYGEN NITROGEN RATIO ON SIN 

TZRABIUTY OF BSALONS 

Alan Anas Apr 1979 24 p rets 

(NASA TP 1382 E 98141 Avail NTIS HC A02/MF A01 CSCL 
1 1B 

The effect of varying the sintering temperature and the oxygen 
to nitrogen latio lO/Ni on the smteisbility of Sr* Ions of the 
foimula Si2 55A>0 60yN4 0 667y was investigated for y between 
0 57 end 1 92 (O/N between 0 157 and 0 708) The Stolons 
reached maximum density on pressure! ess sintering for 4 hours 
at about 1760 C in nitrogen Optimum smteisbility with densities 
up to about 98 percent of theoretical was attained with negligible 
X phase in the 0/N range from about 0 2 to 0 3 On sintering 
at approximately 1830 C the Sialoos decomposed with evolution 
of silicon and aluminum Author 


N78 21206*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THERMAL STRE8S ANALYSIS OF CERAMIC GAS PATH 
SEAL COMPONENTS FOR AIRCRAFT TURBINES 

Francis E Kennedy »no jert C Bill Apr 1979 22 p refs 

Prepared in coope ft Army Aviation Res and Develop 

Command. Clave' 

(NASA TP 1437 1 AVRADC0M TR 78 42l Avail NTlS 

HC A02/MF A0. l 1 IB 

Stress and temper oiuie distnbut ons weie evaluated numen 
cally for a blade -tip seal system proposed for gas turbine 
applications The seal consists of an abiadabie ceramic layer on 
metallic backing with intermediate layers between the ceramic 
layer and i .etai substrate The most severe stiesses in the seal 
as lai as failure is concerned aie tensile stresses at the top of 
the ceramic layer and shear and no'iral stresses at the layet 
interfaces All these stiesses leach their mexirnum values during 
the deceleration phase of a test engine cycle A parametric study 
was carried Out to evaluate the influence of various design 
paumeters on these entical stress values The influences of 
material pioped.es and geometric parameters of the ceramic 
intermediate, and backing layers were investigated After the 
perimetric study was completed a seal system was designed 
which mcoiporated materials with beneficial elastic and theimal 
properties in each layer ol the seal An analysis of the proposed 
seal design shows an appreciable decrease in the magnitude of 
the maximum critical stiesses over those obtained with earlier 
configurations Au'lior 


N 79 23216*# National Aeronautics and Space Administration 
Lewis Research Cental Cleveland Ohio 

EFFECT OF STERILIZATION IRRADIATION ON FRICTION 
AND WEAR OF U ..TR A H IQ M MOLECULAR WEIGHT 
POLYETHYLENE 

Wiii.am R Jones Ji William F nadv and Aldo Crugnda I Lowell 
Ur..v ) May 1979 22 p refs 
NASA Order C 8756. 

1 NASA TP 1462 t 969 71 Avan NTIS HC A02/MF A01 CSCL 

07C 

The effect ot stenl.aation gamma irradiation on the fnction 
and wear properties of ultrehigh moloculai weight polyethylene 
ILHMWPE! sliding aga nst 316L lamless steel in dry air at 
23 C was determined A pm on disk apparatus was used 
Experimental conditions included a 1 kilogram load a 0 061 to 
0 27 inelei pe' s». ind sliding velocity and a 32000 to 
578000 metet sliding dislance Although steiiluation doses of 

2 5 and 5 0 megaiads greatly altered the average molecular 
weight and the molecular weight distribution, the fnction ana 
wear propeities of the polymer ware not significantly changed 

Author 
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N79 24164*1 National Aeronautics and Space Administration 
Lewis Research Center Oevetind. Ohio 

ION SEAM MUTTER DEPOSITION OF FLUOROPOLVMf R8 
Patent Application 

Bruce A Banks and James S Sovey inventors Co NASA) Filed 
21 Way 1979 8 p 

(NASA Case LEW 13122 1 US-Patent Appl SN 04 1 1461 AvH 
NTIS HC A02/MF A01 CSCl 07C 

Ions are impinged on a fluo-opoly mar target which is the 
sputter deposition mh’% tor a large area substrate to be coated 
A clear hydrophobic coating is produced on a substrate of selected 
solid materials NASA 


N79 27304*1 National Aeronautics end Space Administration 
Lewis Research Center Cleveland Ohm 

ADHESIVE MATERIAL TRANSFER IN THE EROSION OF 
AN ALUMINUM ALLOY 

Joshua Salik and William A Brainard Way 1979 10 p 'els 

l NASA TM 79165 E 028! Avail NTIS HC A02/MF A01 
CSCL 1 1 A 

In order to study the basic mechanisms ol arosmn hardened 
steel balls were shot into annealed 6061 Al alloy targets at 
velocity ol up to 1 50 m sec The proiectiles were collected and 
examined by a scanning electron microscope combined with 
energy dispersive X ray analyze! and it was found that target 
material in substantial amounts is adhesively transferred to the 
proiecttle The transferred material forms on the proiectile surface 
a layer ;tvc thickness of which increases with increases in impact 
velocity Author 


N79 27304" • National Aeronaut a"d Space Administration 
Lewis Research Center Cleveland Ohio 

AUGER SPECTROSCOPY ANALYSIS OF LUBRICATION 
WITH ZINC DIALKYLDITrilOPHOSPHATE OF SEVERAL 
METAL COMBINATIONS IN SLIDING CONTACT 

tnald H Buckley Jul 1979 19 p 

(NASA TP 1489 E 9909. Avail NTIS HC A02, MF A01 CSCL 
1 1H 

Sliding friction experiments were . onducted with aluminum 
and other riders rubbing un disks of v* .jus elemental metals in 
the presence of a thin f.lm of zinc dialkyiduhiophosphate IZOPI 
Auge' emission spectroscopy was used to in situ monitor the 
changes in surface chemistry with rubbing under various loads 
The metal disks examined included iron titanium rhodium, 
tungsten molybdenum and copper For equivalent films of ZOP 
the hi ti is a more effective luOncent for some metals rnan it is 
for others The important active element m the compound vanes 
with the metal lubricated and is a function of matal chemistry 
The zinc m the ZDP is susceptible to electron beam induced 
desorption Author 


N79 27309*e Nsticnj. Aeronautics and Space Administration 
Lewd Research Center Cleveland Ohio 

MOOUUS OF RUPTURE AND OXIDATION RESISTANCE 
OF S12 56AK) 800 72N3 62 SIALON 

Alan Anas Jul 1979 15 p 'efs 

NASA TP 1490 E 9971 Avail NTIS HC A02/MF A01 CSCL 
1 IB 

A Sielon ol to. ’tula S.2 55AIO 600 72N3 52 was mar e Irom 
ball milied alpha S»3N4 AIN and Sr02 by sintering the powder 
compacts at 1760 C for 4 hours in >:agnant nitrogen This 
Siaron tad an average modulus of rupture ranging from 
4C4 megapascals 58 6 ksd at room temperature to 
254 megapascals (36 8 ksd at 1400 C Oxidation tests at 
1400 C .n j.r showed it to have a parabolic oxidation rate 
constant less thar o. equal lo 2 8«’0 to the 10th power sq 
g'ciT.4 hr which is smaMe* than that of any othei Si3N4 base 
ceramic reported r. the i leratuie Author 


N79 2S307* National Aeronautic^ and Space Administration 
Lewis Roseaich Cental Cleveland Ohio 

CATALYTIC TRIMERIZATIUN OF AROMATIC NITk'lLES 
AND TRIARYL a TRIAZINE RING CROSS LINKED HIGH 
TEMPERATURE RESISTANT POLYMERS AND COPOLV 
MERS MADE THEREBY Patent 

Li Chen Hsu mvei oi (to NASAi Issued 26 Jun 1979 30 p 

Filed 12 May 197 Supersedes N77 32244 (15 23 p 30491 

Oivieion of US Patent Appi SN 513613 filed 10 Oct 1974 
US-Patent 4 061 856 

(NASA Case LEW 12053 2 US Patent 4 159 262 
US-Patent Appl SN 796263 US Patent Class 528 126 
US Patent Class 260 37N US Patunt Class 260 42 
US Patent Class 260 53 US Patent Class 544 193 
US-Patent-Oass 628 221 US Patent Oass 528 223 
US-Patent Oass 528 229 US Patent Oass 528 227 

US-Patent Oass 528 225 US Patent Class 528 127 

US-Patent Oass 528 128 US Patent Oass 528 336 

US-Patent Oass 528 337 US Patent Class-528 338 

US-Patent Oass 528 342 US p atent Oass .328 33 1 1 Avail US 

Patent and Trademark Office CSCL 07C 

Tnazme compounds and cross linked polymer compositions 
are made by heating aromatic nitriles to a temperature in the 
range of from about 100 C to about 700 C and preferably in 
the range of from about 200 C to about 350 C. in the presence 
of a catalyst o> mixture of catalysts selected from one or more 
of the following groups 111 organic sulfonic and sulfimc acids 
12) organic phospt.onic and phosphimc acids and (3lmeiallic 
acetylacetonaies at a pressure m the range of (torn about 
atmospheric pressure to about 10 000 psi and preferably in the 
range of from about 200 psi lo about 750 psi Aromatic 
nitrile modified (terminated and or appendedi mude benzimidaz 
ole imidazopyrrclone qumoxalme and other condensation type 
prepolymers or their piecopoiymers are made which are tnmenzed 
with oi without a filial by the aforementioned catalytic trimenza 
lion piocess into tnary s tnazine ring containing or cross linked 
polymeric or copolymenc products useful in applications requiring 
high thermal oxidative stability and high performance Structural 
properties at elevate-* temperatures 

Official Gazette of ihe U S Patent and Trademark Office 


N79 2F327*e National Aeronautics and Space Administration 
Lewi; research Center Cleveland Ohio 

PLA^wA SPRAYED COATINGS FOR LUBRICATION OF A 
TITANIUM ALLOY IN AIR AT 430 deg C 

Harold E Slmey anj Donald H W'isandei Jul 1979 14 p 

NASA TP 1509 E 9876) Avan NTIS mC A02 MF A01 CSCL 
1 1 H 

Plasma sprayed coalings of pure Silver and of composite 
material.! containing silver were investigated as possible self 
lubricating coatings tor titanium alloys in air at 430 C Pure 
silver provided low friction but was prone to severe plastic 
deformation and excessive transfer except m coaling thicknesses 
of 0 02 mm or less Additions of nrchrome calcium fluoride 
and glass lo silver were all beneficial in reducing plastic 
deformation and otherwise improving the coatings The longest 
coating wear life ow wear of T alloy pms m sliding contact 
with the coatmr and a steady Inchon coefficient of 0 19 were 
ootamed with a four component coating of 0 1 7 mm thickness 
The coating composdior m weight percent is 30 nichrome 30 
Ag 25 CeF2 15 glass Author 


N79 29329* f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INFRARED ANALYSIS OF POlYETHYLENE WEAR SPECI 
MENS USING ATTENUATED TOTAL REFLECTION SPEC 
TROSCOPY 

William R Jones and James L Lane' Rensseiaer Polylech Inst I 
Jul 1979 12 p refs 

NASA TM 79226 E 130 Avail NTlS HC A02 MF A01 CSCl 
07D 

Attenuated total etlection infrared spectroscopy was used 
to analyze ulhahigh molecuiai weight polyethylene wear test 
specimens Three different specimens were analyzed One 
specimen was gamma 'radiated to a dose of 5 0 MRad anofhei 
to a dose of 2 5 MRad and fire final specimen wjs unmadiated 


83 



There was no conclusive evidence of chemical changes (i e 
unsaiuration or oxidation) in the surface regions of any of the 
polyethylene samples Therefore it was concluded that the gamma 
irradiation sterilization proceduro shoud rot alter the boundary 
lubricating properties of the polyethylene Author 


N79 30378'* National Aeronautics and Space Administration 

Lewis Research Center Cleveland Ohio 

STATE OF THE ART OF SiAION MATERIALS 

Sunil Outta 1979 22 p refs Presented at 49th Meeting of 

the Structures and Materials Panel Including a Specialist Meeting 

on Ceramics for Turbine Engine Application* Cutu^^e Germany 

7 12 Oct 1979 sponsored by AGARD 

(NASA TM 792C/E 092) Avail NTlS HC A02 MF AC 1 CSCL 
1 1G 

Research presented includes work on phase relations crystal 
structure synthesis fabrication and p operties of various SiA'ONs 
T he essential features of compositions fabrication methods and 
microstructure are reviewed High temperature flexure strergth 
creep fracture toughness oxidation and thermal shock resist ince 
are discussed These data are compared to those for some cun tntly 
produced silicon nitride ceramics to assess the potential SiAION 
materials for use m advanced gas turbine engines M M M 


N79 30379* a National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

BEND STRENGTHS OF REACTION BONDED SILICON 
NITRIDE PREPARED FROM DRY ATTRITION MILLED 
SIUCON POWDER 

T P Herbeli and T K Glasgow 1979 14 p refs Presented 
at 3d Ann Conf on Composites and Advan Mate* Merritt 
Island Fla 21 24 Jan 1979 sponsored by Am Ce»am Soc 
(Contract EC 77 A 31 1040* 

iNASA TM 79230 E 132 DOE NASA 1040 79 8 Avail 
NTlS HC A02. MF A0 1 CSCL 1 1G 

Dry attrition milled silicon powde< was compacted sintered 
in helium and reaction bonded in nitrogen *♦ volume percent 
hydrogen Bend strengths of bars with as nitnded surfaces 
averaged as high as 210 MPa at room tempe'ature and 220 MPa 
at 1400 C Bars prepared from the milled powder were stronger 
than those prepared from as received powder at both room 
temperature and at 1400 C Room temperature strength decreased 
with increased milling time and 1400 C strength increased with 
increased milling time Author 


N79 30380*# Nationa 1 Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ANISOTROPIC FRICTION DEFORMATION AND FRAC 
TURE OF SINGLE CRYSTAL SILICON CARBIDE AT ROOM 
TEMPERATURE 

Ka/uhisa Miyoshi and Donald N Buckley Aug 1979 24 p 

• efs 

INASA TP 1525 E 9988i Avan NTlS HC A02 MF A01 CSCL 
07 D 

Anisotropic friction deformation and fracture Studies we»e 
conducted with 0001 10' 1 0 *mo 1 i 2‘0 silicon carbide 

Surfaces in sliding contact wuh diamond The experiments were 
conducted w.th loads o* 0 1 0 2 and 0 3 N at a sliding velocity 
of 3 mm mm n m.ne'a oil n in dry a»gOn at room temperature 
The 1010 d> ection on the basal 0001 plane exhibits the 
lowest coefficient of fnct or and the greatest resistance to abrasion 
for silicon carbide Anisotropic friction and deformation of the 
0001 !0( 10 and 11.20 silicon carbide surfaces are 

primarily controlled Dv the sl.p system 1 0« 1 >0 11 2)0 

The anisoi 'pic f»ac* <<e during sudmg on the basal plane is due 
to surface craning along *0 1 >0 and subsurface crack. ng 
along 0001 The frjvture during sliding on the 11 2*0 or 
10 1 >C surfaces is due to surface cracking along 0001 
and 1 1 2»0 o* 10 11 and to sub < ur*ai-e cracking along 

10i 1»0 Author 


N79 303B1*# National Aeronautics and Space Administration 
Lewis Ret irch Center Cleveland Ohio 

LUBRICATING AND WEAR MECHANISMS FOR A HEMI 
SPHERE SLIDING ON POLYIMIDE BONDED GRAPHITE 
FLUORIDE FILM 

Robert L Fusaro Aug 1979 30 p refs 

(NASA TP 1524 E 9965> Avail NTlS HC A03/MF A01 CSCL 

1 1 H 

Friction wear life rider wear rod film wear for a 440 C 
high temperature stainless steel hermsphencally tipped rider 
sliding agamst polymide bonded graphite fluoride films were 
evaluated in a moist au atmosphere at 25 C Optical rT roscope 
; nd surface profilometry observations were made at various 
diding intervals to determine how film thickness affec *d the 
lubricating and failure mechanisms of the films Two lubr ation 
regimes operated for the some load In the first the film supported 
the load and the lubricating mechanism consisted of the shear 
(plastic flow) of a thin layer of the lubricant between the 
metallic rider and the film surface \r. »he second the film did 
not support the load lit wa* worn away) a.'d the lub-icatmg 
mechanism consisted of the shjar of very thin lubricant films 
between flat areas generated on the r»de' and on sa idblasted 
metallic asperities in the film wea track Lubricant wis supplied 
from the valleys between the asperities or from the sides of the 
wea' track With thicker films wear life increased since a greater 
lubricant supplv was available from the sides of the wear track 

Author 


N79 31391** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MECHANICAL AND CHEMICAL EFFECTS OF ION 
TEXTURING BIOMEDICAL POLYMERS 

A J Weigand and M A Cenkus 1979 29 p refs Presented 
at 32nd Ann Conf of Engr in Med ana B>ol Denver 6 10 Oct 
1979 sponsored by Alliance for Engr m Med 
NASA TM 79245 E 1 52» Avail NTlS HC A03 MF A01 CSCL 

07C 

To determine whethe' sputter etching may provide substantial 
DON met Surface texturing with insignificant changes m chemical 
and mechanical propert.es an 8 cm beam diameter electron 
bombardment argon ion source w.-- used to sputter etch 
ion texture process) mne biomedical polymers The materials 
included silicone rubber 32% carbon impregnated polyoJe'm 
polyosymethyiene polytetrafluoroethyiene ui’rahigh molecular 
weight tUHMWl polyethylene UHMW polyethylene with ca>bon 
libers . 10%» and several poiyureinanes (bioelectric segmented 
and cross linked! Ion textured microtensile specimens of each 
material except UHMW polyethylene and UhMW polyethylene 
with 10% carbon fibers v e f e used to determine the effect of 
•on featuring on tensile properties Scanning electron rrvcrosccoy 
was used to determine surface morphology changes and electron 
spectroscopy fo» chemical anaiys s was used to aruly/e the near 
surface chemical changes that result f om ion texturing Ion 
energies of 500 eV with beam current densities ranging from 
0 08 to 0 19 mA sq cm we*e used to ion texture the various 
materials Standard microtensile specimens of seven polymers 
were exposed to a saline envronment for 24 hours prior to and 
dunng the tensile testing The Sui'ice chemical changes resulting 
from sputter etch.ng are minimal m spite of the often significant 
changes in the surface morpholcqv AW H 


N79 32369** National Aeronautics anj Space Administration 
Lewis Research Center Geve’and Ohio 

EVALUATION AND AUGER ANALYSIS OF A ZINC DIALKYL 
DITHIOPMOSPHATE ANTIWEAR ADDITIVE .N SEVERAL 
DIESTER LUBRICANTS 

William A B'amard and John Ferrante Washington Oct 1979 
16 p refs 

NASA TP 1544 F 9944 Avail NTS HC AQ2 MF A01 CSCL 
1 1 H 

The wear of pure ron in sliding . ,'.ntai t w-th hardened M 2 
tool steel was measured fo a senes of synthetic diester funds 
both wdh and without a /inc dialkyl ddhiophosphate iZDPl 
antiwear additive as test ub* cants Selected wear scars were 
anjly/ed by an A jyer emission spectroscopy AES* depth profiling 
technique .n orde to assess t*e Surface film elemental compos* 


r 
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tion The ZOP was an effective antiwear additive for all the 
diesters except dibutyl oxalate and dibutyi sebacate The 1 *gh 
wear measured for the additive containing oxalate was related 
to corrosion the higher wear measured for the additive containing 
sebacate was due to an oxygen interaction The AES of dibutyl 
sebacate surfaces run m dry an and in dry nitrogen showed 
large differences only in the amount of oxygen present The 
AES of worn surfaces where the additive was effective showed 
no zmc only a little phosphorus and large amounts of sulfur 

Author 


N79 33326*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PLASMA SPRAYED ZIRCONIA GAS PATH SEAL TECHNOL 
OGY k STATE OF THE ART REVIEW 

Robert C Bill 1979 17 p refs Presented at the Manufacturing 
Techno! Advisory Rev Phoenix Am 21*25 Oct 1979 
sponsored by the Soc o' Manufacturing Engr 
{NASA TM 79273 AVRADCOM TR 79 47 E 9941) Avail 
NTIS HC A02/MF A01 CSCl 1 1 A 

Ti.e benefits derived from application of ceramic materials 
to high pressure turbine gas path seal components are descnbed 
and the developmental backgrounds of various approaches are 
reviewed The most fully developed approaches are those 
employing plasma sprayed zirconium oxide as the ceramic material 
Prevention of cracking and spalling of the zirconium oxide under 
cyclic thermal shock conditions imposed by the engine operating 
cycle is the most immediate problem to be solved before 
implementation is undertaken Three promising approaches to 
.mprovmg cyclic thermal shock resistance are described and 
comparative ng performance of each are reviewed Advanced 
concepts showing potential for performance improvements are 
described A K t 


A79 11548 * Effects of pressure and temperature on hot 

pressing a sialon. H C Yeh and W J Waters iNASA Lewis Research 
Ct i to Cleveland. Ohio | American Ceramic Society Fall Meeting 
Hyannis Mas*. Sept .25 1977. Paper. 17 p 10 rets 

Tht Combined effects of temperature and pressure on the 
t» .u * 1 ; density of a > al on l< e a ceramic composed of S< Al (J 
ami N' aie evaluated P’»-ssures n the J 5 27 b MPa range a* J 
temperatures n the 1550 1750 C range are cons. tiered It is found 
that I 1 fully dense valon bodies may be produced at tower 
t mperat es tha f »si* usually used '* the field i2i the phase 
••gVJil'hnum 'eact »or 1 v increased t»v increased pressure 1 3' 

.v <!»•* » ty 't c. may be used to help cles.gp ih»* desr'ed 
mitfostr tctun i4j phase changes occur unq in th,* sample dur.ng hut 
pressing influenced s a>on dens iticat ten to j large extent and i5i 
micustruct ores exceeding 98 theoretical density Suggest that 
jVjm deVu mat o> has contr bated to densificatmn SCS 


A79 1 55 34 • Effects of hydrothermal exposure on a low 

temperature cured epoxy H W Lauv» ' NASA Lewis Research 
Cr ! Lit .fijrvi Ohio' In Reinforced Plastics Composites Insti 
tute AivmjI Coi , * > renc» . 33rJ Washington DC February 7 10 
19 ’8 Pi v • »' 1 1 1 r g . | A 79 15526 04 ?4i New York Society ot * • 
Pl.iyt.es Ind islry 1 1 »» 19/8. p ’5 C 1 to 15 C 4 

Therma' mechanical analysis «Vd> emploved to monitor Tht* 
(Senelr at in trmpi-i .itu* • »t a low temper jtuie epoxy r»*»-fl (EPON 
B?6 D230i B-'th ejt i sm ami E glass compusdi- samples wen 
• »j"' Th- •frets nt i nr tfM'per ature vat.JliOM and moisture 

omt* it in. tti— .ippa in gi.iss transition tempe* atwn* were deter 
m ’txl (Author) 


A79 16659 * A comparison of the lubricating mechanisms 

of graphite fluoride and molybdenum disulfide films R F 

i^i ASA L»-w x R. <; »..♦• C ti • C. .. i t Oh 'I (♦••..* , 

Cnnt Si- .! li.hr iMt .o 7, u | (!••» wi * C< • A,„*,rtS18 

1*1 " H P • » tp A *9 1 065 1 tVJ ? .* • P »• k k . t ^ i »\ •»!.» «• 

S « ‘Lulu .r • f-nj is 1978 p 59/8 „M . 

A m •• i» «’ stiii |y ♦ 440 P s*r* s • ,j v, .* j., 


graphite fluoride or molybdenum disulfide solid lubricant iubfied 
films was conducted. The sliding sur sees, along with the friction. 
w*|t. and wear life were observed as function of the ivimbet of 
sliding revolutions in three different atm ^heres moist an MO. 000 
ppm H20). dry an (less than 20 ppm H20). o» dry argon (less than 
20 pp»n H20) In general, the lubricating mechanisms of the two 
*old lubricants were found to he relatively simdai that is. a 
riy me. thm. layer like film (which sheared on relative motion! was 
formed between the two metallic surfaces The mechanisms of failure 
were found to lx* somewhat different, however Failure of MoS? 
films was very dependent on atmospheric degradation. whil*» that of 
graphite fluoride films was moie dependent on flow of the lubricant 
film out of the contact /one (Author) 


A79 16666 * The friction and wear properties of sputtered 

ban refractory compounds. \\ A. B arnaul (NASA. Lewis Research 
Cen ei. Cleveland. Ohio) In International Conference on Sol'd 
Lub 'Cat'on. 2nd. Denver. Colo . August 1518. 1978, Proceedings 
1A7L 16651 04 27) Park Ridge. Ill . American Society of Lubrication 
Engine ^rs. 1978. p 139 14 7 1 7 refs. 

The •nchon and w**ar properties of several refractory siliCides. 
boridt i.d catb.de coatings were examined. The coatings were 
applied to type 44 n C steel surfaces Pv u.lo frequency sputtering 
The friction and veji uroperi.es of the coatings were found to be 
related to stoichiometry and impuuty content of the txjlk coating as 
well as (hr* degree of inter facial adherence lx* tween coating and 
sub*!' ate Bulk coating stoichiometry could to large extent lx’ 
controlled by the applrjtion it a negative bias voltage during 
rie position Adherence was promoted by th.- formation of an 
* 'f./ed oe* at Th infer tar DeMx> jt»* preox'd.’ng of the 440C 
produced enhanced adherence tot many compounds which is related 
to the formation • ' a mixed oxide tiansitio region (Author) 


A79 21022 * An ,%PS study of the adherence of refractory 

carbide, ilicide and bond- RF sputtered wear resistant coatings. W 

A Br dir ard ami D R Wheeler (NASA. Lewis Research Center. 
Clevelan f, Ohio) Journ.il of Vacuum Science and Technology, vol 
15 Nov D**»* 1Q7R p iROOiSb5 1 5 refs 

Rj ho frequency sputter rig was used to deposit refractory 
cjrbnt * n rfe and bor de coatmgs on 440 C steel substrates Both 
ix ter etched ami pie oxidized substtates were used and the films 
were lepoS'Tcd svth and Without a substrate bias The composition 
d coatmgs was determined as a function of depth by X »^y 
photoelectron stieytroscopv ccmbineu with a* gun ion etching 
FnCfion and vveai tests were rondui te«i (o evaluate coating ad 
heu'rice In the n*erfjciai region rheie wjs evidence that bias mav 
produce a graded mictface tor some compounds. Biasing, while 
generally mprovmg Ixi'k him «toichu,r ietry can adversely affect 
adherenc* by 'emtivog mterfac al ox.de Livers Oxides at ail film 
constituents except carbon ami iron were present nan casts but the 
• * d» .overage wa* o-'N CO'-’Plete *r* the pr»o« -l./ed ^ulK'iaTfi 

The Mm a r d »o»r .*x fit’s .verc r n.*ed •* the MoSi2 and Mn2C film* 
but la«cred •> ttie Mo?B5 films In the case of mixed oxides, 
preox .ijt on enhanced t.im .i«fherencr In the Ltyered case >t did not 

I Author 


A79 21295 * NASA thermal barrier coaling; Summary and 

update F S Stepk.i (NASA Lewis Research Center Turbine 
C io» mg Sect o" Cleveland. Oh.oi (J S A/.ivy and US An Force 
rV '•*sh <<p '•'• C m ting Problems m Atn'rjft Gas Turbine* Monterey 
Ser r 27 23 W* Pjpcr ?2 p 25 -efs Pin, err SQUID 
Thf v.s«V ror.duCVCft at the NASA Lewis Research Center to 
evolve and evaluate a thermal bar rur coahng system will lx* 
disc u>sed A durable two layer plasma sprayed coatmg consisting of 
a ceramic *av» * nver a metallic ijy-r was rk^elGPed that has the 
Potential of .nsulahnq hot engine parts and therehy reducing metal 
temperatures and coolant how requirement! and oi permuting use of 
loss rostiy and complex oolmq configurat .ins and mater. als The 
culler tijmrrgr.’h t» results of an jlyt cal and oxtrer mer'tal trvesti 
gat ons ol tfie coatings on f at oh tat specimens, turbine wanes ana 
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blades. and combustor liners Discussed are results ol investigations 
to determine coating adheience and durability, coating thermal, 
strength and fatigue properties, and chemical reactions of the coating 
with oxides and sulfates Also presented are the effect of the coating 
on aerodynamic performance of a turbine vane, measured vane and 
combustor liner temperatures with and without the coating, and 
predicted turbine metal temperatures and coolant flow reductions 
potentially possible with the coating Included also are summaries of 
some current research related to the coating and potential applica 
tions for the coating (Author) 


A79-21297 * - Some properties of an advanced boron fiber 

D R Behrendt (NASA. Lewis Research Center. Cleveland. Ohio) 
A merican Ceramic Society. Annual Conference on Composites and 
Advanced Materials. 3rd. Merritt Island. Fla.. Jan. 21 2d 1979. 
Paper 1 0 p. 

An advanced coreless boron fiber has exhibited tensile strengths 
which are more than twice that of the normal CVD B/W fibers. The 
coreless fiber is made by the chei cal removal of the tungsten boride 
core exposed by splitting the asgrown fiber The easily splittabie 
fiber is made by the chemical vapor deposition of boron on a larger 
than usual tungsten substrate It is expected that the ease of splitting 
is related to residual stresses in these fibers. Measurements of the 
axial residual stresses m both the normal and the splittabie fibers are 
presented and the results compared Differences in these stresses are 
discu>sed m connection with the ease of splitting in the splittabie 
fibers. (Author) 


A7SF27231 * Emittance and absorptance ol the National 

Aeronautics and Space Administration ceramc therm*' barn--, 
coating C H Liebert (NASA. Lewis Research Center, Cleve.and 
Ohio) f International Conference on Metallurgical Coatings. San 
Francisco Calif Apr. 3 7 1978.1 Thin Solid Films, vol 53. 1978. p 
235 240 9 refs 

The spectral emittance of a NASA developed znconia ceramic 
thermal barrier coating system, consisting of a metal substrate, a 
layer of Ni Cr Al-Y be. id material and a layer of yttria stabilised 
Sirconia ceramic material, is analysed The emittance. needed for 
evaluation of radiant heat loads on cooled coated gas turbine 
components, was measured over a range of temperatures that would 
be typical of its use on such components Emittance data were 
obtained with a spectrometer a reflectometer and a radiation 
pyrometer at a single bond coating thickness of 0 010 cm and at a 
cetam< coating thickness of 0 0 076 cm The data were transformed 
into the hemispherical total emittance and were correlated to the 
cerairx: coatinq thickness and temperature using multiple regression 
Curve fitting techniques The system was found to be highly 
reflective and. consequently capable of significantly reducing 
radiation heat loads on cooled gas turbine engine components A A 


A7J31041 * Stability of PMR poiyimrd* monomer solu- 

tions. R W Lauver R D Vannucci (NASA. Lewis Research Center, 
Cleveland, Ohio), and W B Alston (NASA Lewis Research Center 
US Army. Air Mobility Research and Development Laboratory. 
Cleveland, Ohio) In Re.ntorcmg the future Proceedings of the 
Thirty fourth Annual Conference. New Orleans. La.. January 30- 
February 2. 1979. IA7931026 12 24) New York. Society ol the 
Plastics Industry. Inc . 1979, p 23 A 1 to 23 A 7 7 rets 

T he stability of alcohol solutions of norbornenyl capped 
PMR polyirmde resins (both PMR 1b and PMR III has been mom 
tored during storage at amb.ent and subambient (5 C and 18 C) 
temperatures PMR 15 so!ution> cxhunt nominally two weeks of 
useful Me and PMR II solutions shibrt nominally two days ol useful 
life at ambient conditions The limiting factor is precipitation of 
imidi react on products hum the monomer solutions. Both solutions 
exhibit substantially longer useful I tpnmes in subamlnent storage 
PMR 15 shows no precipitation after several months storage at 
subambient temperatures. PMR II solutions do exhibit precipitates 
after extended subambient storage (nominally three months at 18 


C). however, the precipitates formed under these conditions can be 
redissolved. The chemical implications of these observations are 
discussed. (Author) 


A79-31249 * Mechanisms of graphite fluonde /CFx/n lubn 

cation. R. L. Fusaro (NASA. Lewis Research Center, Cleveland. 
Ohio) Wear. vol. 53. Apr. 1979. p 303-323 10 refs. 

Friction, wear and wear life results were cumpared with optical 
microscope observations as a runction of sliding distance tor graphite 
fluoride rubbed films applied to three surface finishes polished, 
sanded and sandblasted The lubric tmg process consisted of the 
plastic flow of thin films of graphite fluoride between flat areas on 
the rider and on the metallic substrate. If the substrate was rough, 
flat areas were created during run in, and the graphite fluonde 
(CFx)n flowed across them. Wear life was enhanced by restricting 
radial (or transverse) flow of the graphite fluonde from the contact 
region by increasing surface roughness Valleys in the roughened 
substrate surface served as a reservoir for graphite fluoride and as a 
deposit site for weal debris Fatlure resulted from the gradual 
depiction of graphite fluoride from the contact region with the 
subsequent formation of powdery metallic debris that covered both 
rider and disk surfaces. (Author) 


A79-32149 * Friction and fracture of single-crystal silicon 

carbrd* in contact with itself and titanium. K Miyoshi (NASA. Lewis 
Research Center, Cleveland. Ohio, Kanazawa University Kanazawa. 
Japan) and D. H. Buckley (NASA, Lewis Research Center. Cleveland. 
Ohio). ASLE Transactions, vol 22. Apr 1979. p 146 153 12 refs 
An investigatxjn was conducted to examine the friction propei 
tics and mechanical behavior ol single-crystal silicon carbide 10001) 
surface sliding against itself and against polycrystalline titanium The 
results indicate hex agon-shaped pits of silicon carbide and the 
formation of platelet hexagon-shaped wear debris of silicon carbide 
due to cleavages of both prismatic and basal planes as a result of 
silicon carbide sliding against itself The fracturing of silicon carbide 
also occurs near the adhesive bond to titanium The wear debris 
produced by brittle fracture plows the titanium and transfers to it 
Further, the silicon carbide wear debris, which adhered and 
transferred to titanium, plows the silicon carbide surface and 
transfers back to it. (Author) 


A79-32931 * Consolidation ot Si3N4 oy hot isostatic press 

mg. H. C Yeh (Cleveland State University. Cleveland. Ohio) and P 
F. Sikora (NASA. Lewis Research Center Cleveland. Ohio) Ar en 
can Ceramic Society Pulletin vol 58 Apr 1979 p 444 447 7 r • fs 
NASA supported research 

Silicon nitride ISi3N4| is being consider ed foi gas tu'bme engine 
applications because present-day metallic alloys an- rapidly approach 
ing the limits of their temperature capabilities The present mvestrga 
tion was undertaken to determine the feasibility of prisducmg a 
sound dense Si3N4 body without additives ising conventional gas 
hot isostatic pressing techniques and an uncommon hydraul-. hot 
isostatic pressing technique These two ho! isostatu pressing IHlPi 
techniques produce much higher pressure (275413 MN sq ml thji 
conventional hot -pressing techniques aixl have the potential of 
producing large tsodies of desirable shapes Evaluate 1 n was tsased o" 
rtensity measurement, microscopic examination liotn optical and 
electron, and X ray diffraction analysis (Author) 


A 7934996 * Tests of NASA ceramc thermal barrier coating 

for gas turbine engines t H Lubeil NASA l . -w Rev an It C- !• 
Cleveland O f eni 4mcr* r ii V r ir So. in i An r-u. rn Sen er. 
' hi Vet.ns I’ltc n.iti 'nr Confereis e 16 r • 1 n - i n.it'-i as s* 
Oiegu (Uht Am 73 ?/ 1979 Parer 8p 5- is 

A NASA terainx t hernia' panu . <at m, i I Hi s.ste'ii wu 

lesti-.l try ndiist",il i .;n.*-i nmentat ia >yi it > . . ,.i- • r 

ai inn. min ar mar n and -|i - »tl tiavi l.i • ,'ti -n , - m. ta 
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horn Thu TBC « j two layer system with j bond coating of 
nickel chromium aluminum yttrium <N • 160 6AI 0 6V in wt \) am 1 
a ceiamc abating of y tlv id stabilized zircoma (Zr02 12Y203. in wt 
\) Tests (Licbert and Stenkj 1979) have been conducted to 
determine coirosion resistance, thermal protection, durability, thei 
mal conductivity, and fatigue characteristics The information 
presented covers some of the significant test lesults obtained on the 
first three items The information also includes photographs of 
coated parts after tests, measurements of coating loss, amount of 
metal wall temperature reduction when the TBC is used, and extent 
of base metal corrosion (Author) 


N79 12239*0 Martin Marietta Corp Denver Colo 

CRYOGENIC PROPELLANT DENSIFICATION STUDY 
Fin* Report. Jul 1977 Jul 1978 

R 0 Ewart and R H Dergance Nov 1978 178 p refs 

iContrac. NAS3 21014) 

(NASA CR 159438 MCR 78 586» Avail NTIS 

HC A09/MF A0 1 CSCl 211 

Ground and vehicle system requirement' are evaluated for 
the use of densdied cryogenic propellants in advanced space 
transportation systems Propellants -tudied were slush and triple 
point liquid hydrogen tuple point liquid oxygen and slum and 
triple point liquid methane Areas of study included propellant 
production storage transfer vehicle loading and system 
requirements definition A savings of approximately 8 2 x 100 000 
Kg can be achieved m single stage to orbit gross liftoff weight 
for a payload of 29 484 Kg by utilizing densif ed cryogens in 
place of normal boiling point prooeliants G G 


N79 18063*# TRW Defense and Space Systems Group Redondi 
Beach Calif Chemistry and Chemical Engineering Lab 

SYNTHESIS OF IMPROVED MOISTURE RESISTANT 
POLYMERS Final Report 24 Jun 1977 24 Aug 1978 

M K Orell 15 Mar 1979 45 p refs 
iContrjct NAS3 21011 

iNASA CR 159456 TRW 3 1 78 1 6016 RU 00» Ava.i Nii^ 
HC A03 MF A0 1 CSCl 1 1C 

The use of difiuoromaieim.de caused piepoiymers to provide 
improved moisture resistant polymers was investigated Six 
different prepolyme' formulations were p'epd'ed t>v two different 
methods One method util. zed the PMR approach to poiymide- 
and the second method employed the normii condensation ’Oi.te 
to provide fully midized prepuiyne.v Poly me >*>•*_. mens .. eJ 
at 450 F exhibited adequate long te ‘ s. ability n a-« at 40v.' F 
Mu.sture absorption studies were conducted on .me polymer 
form jlation Neai Polymer specimens exhibited we ght gams A 
up to 2% w wi aha' exposure to lOOV >eiat>ve humidity at 
344K 1 160 F i to- 400 hours Author 


N< 23210*f United Technologies Research Canter East 
Han ard Conn 

SYNTHESIS OF IMPROVED MOISTURE RESISTANT 
POLYMERS Final Report 

D A Scola and R H Pater 20 Dec 19 78 105 p refs 
(Contract NAS3 21010) 

INASA CR 159510 R78 9 1 294 1 1 51 Avail NTlS 

HC A 06 MF A0 1 CSCl 07C 

The synthesis and characta ./abon of novel moisture 
resistant aliphatic polyimide* are described Several novel aliphatic 
imides of diversified functionalities we e synthesized purified 
and characterized they include (1) N (12 amnododecyl* 5 
norbornene 2 3 dicarboxirrwd* i2i N N (|2 2 2 tufluoro 1 
(tnfluoromethybethylrdene ) brs [(13 droxo 5 2 KMomdotinediyll 
dodecamathylene )] di 5 norbornene 2 3 dicarboximide 
(3> N N dodacamathylenedi 5 nobomena 2 3 dicarbonoximide 
i4i N N dodecamelhytenebK | 5 6 epoxy 2 3 

norbornanadicarboximidti | and 5) N N Bis ( 12 

no.bo.nene 2 3 d»carboximidido)dodecyi ) 1 2 3 4 butane d « 

carboxylic 1 2 3 4 dnmide The structures of these comrou ds 
weie established by elemental analysis IR NMR a d mass 
spectra Au'hoi 


N79 28318*0 IIT Research Inst Chicago III 

PROGRAM FOR PLASMA SPRAYED SELF LUBRICATING 
COATINGS Final Repon 

G C Walthe' Jul 1979 81 p rtfs 
(Contract NAS3 208271 

iNASA CR 3163 D6116) Avail NTlS HC A05/MF A01 CSCl 
1 1H 

A method for preparing composite powders of the three 
coating components wax developed and a procedure that can 
be used in applying uniform coatings of the composite powders 
was demonstrated Compos te powders were prepared by adiustmg 
pedicle sizes of (he components and en ploying a small amount 
of monoalum.num phosphate as an inorganic binder Quantitative 
mtcroecopy image ana. /sis) was found to be a convenient method 
of characterizing the composition of the multiphase plasma 
spiayod coatings Area percentages and distribution of the 
components were readily obtained by this method The adhesive 
svength of the coating to a nickel chromium alloy substrate 
was increased by about 40 percent by a heat treatment of 20 
hours at 650 C S E S 


N79 29331 % United Technologies Research Center East 
Hartford Conn 

NEW HIGH TEMPERATURE CROSS LINKING MONO 
MERS 

Daniei A Scola 20 Dec 1979 115 p refs 

• Contract NAS3 210091 

(NASA CR 159514 UTRC R 78 91 2897 15) Avail NTlS 
HC A 06 MF A0 1 CSCL 07C 

Several PMR poiyim.de res»ns capable of be>ng processed 
at a maximum temperature of 232 C to 2d8 C without sacrifice 
of high temperature capability weie developed Four monomethyl 
esters were synthesized and characterized for use in the 
crossunking studies The infrared and DSC studies of eaci 
crosslinker suggested that curing could be accomplished at 
288 C However fabrication of dense void free polymer 
specimens required a temperatuie of 316 C and a pressure of 
0 69 MPa 1100 psii Crosslinkers were evaluated m Celion 
6000 PMR polyimide composites These composites were 
characterized at RT 288 C and 3)6 C initially and after isothermal 
aging at 288 C and 316 C for several hundred hours The 
results suggest that both PMR systems are promising candidates 
as matrices for addition type polyimide composites It S 
demonstrated that alternate - osslmke»s are fea -ible but 
mechanisms to tower the c'ossli.'k.ng temperatuie must tie 
developed to provide lower tempe'atu'e processing PMR type 
pplyimides K l 


N79 30377*# No'/ons Research Inc Cleveland Ohio 

SURVEY OF INORGANIC POLYMERS 

Arthur H Gorber and Eugene F M.i'»e ney Jun 1979 3'6 p 

'efs 

Cor. trait NaS3 21369 

NASA CH 159563 HRi J9o A*a NTlS ML A14 MF A0 1 
CSCL 07C 

A literature :.ea' 1 wax d'"ert out • r» order to identfy 
inorganic metalio i pan., and hybrid morgana urgani polymers 
that 1 0.1 Id seve as t a> mat • es ns fm advanced 

compos es The five *t prom .smg mdidates we e critically 
reviev * • and recommendations we e • ade for the achievement 
of then potent. ai »n te ns of performance and cost These 
g«n." K polymer » 'a^se*. omp. 1 Poly aryKil sosqu.oxanes* 
Koiy'silyl a r y lei * >iluia< e 3 Poly ...aryle •**. 4 Poty 

s l.cor- linked fe« f ocenes' and 5 Pol* nrganu uhosphazenes 1 
NOvr^ec JuJau current' , possesses the necessa combination 
»»f p y« comecnan»c a' p» Jped e • »he v* stai)<*»iy pioctssability 
a**d ta.nrabie economic*. T.ie f st three classes exhibit the 

. h»s! thermal pe formence « i» the .-ther hand poly iorgano 
*,)hazene> trie mot * extensively studie polymer iass exhibit 
•e best combination i f struct re property "t'Oi p’Ocessubility 
d »d ’a or able et snomics K l 



A79 31957 * Static evaluator) of lurface coatings for com- 

pliant gas bearings in an oxidizing atmosph<»e to 650 C. B Bhushan 

and S Gray (Mechanical Technology, Inc., Latham. N.Y.). In 
Metallurgical coatings 1978. Proceedings of the Fifth International 
Conference, San Francisco, Calif., April 3-7, 1978. Volume 1 
(A79 31951 12 231 Lausanne, Elsevier Sequoia, S A., 1978. p 
3 331 17 u Connect No. NAS3 19427 
Hard wear resistant coatings and soft low shear strength coatings 
were developed for an air lubricated compliant journal hearing tor a 
future automotive gas tc'bine engine. The coatings were expected to 
function in eithei 540 or 650 C ambient. Soft lubricant coatings 
were generally limited in temperature. Therefore emphasis was on 
the hard wear resistant coatings The coating materials covered were 
TiC, B4C, Cr3C2. WC SiC. CrB2. T B2, Cr203, AI203. Si3N4. 
Tnbaloy 800, CaF2. CaF2 8aF2 eutectic, Ni Co. silver. CdO-graphite 
and proprietary compounds. The coatings on test coupons were 
subiected to static oven screening tests. The test consisted of 
exposure of material samples in an oven for 300 h at the maximum 
tempeiature (540 or 650 C) and ten temperature cycles from room 
temperature to the maximum service temperature. On the basis of 
the specimen examinations the following coatings were recom- 
mended for future wear tests TiC (sputtered). Cr203 (sputtered). 
Si3N4 (sputtered). CdO and graphite (fused). Kaman DES la 
proprietary coating). 082 (plasma sprayed), 03C2 (detonation gun) 
and NASA °S 106 (plasma sprayed). (Authoi ) 


A79 51103 ‘ UV blocking filters tor polymeric films G J 

Ray iGem ul Electric Co Space Dn Valley Forge, Pa I Amencjn 
So* cry tfeef/rig* Arex-pron. Mjy 17 1979 PjfJtr 17 
p 5 c is Coot* .ret No NAS3 21764 

Ini- '"'.'lit ol .nciirpoi aM'g UV scneninq agents in silicone 
lesu ,i. j -t u ai . ot pii-tii :mg unileilytng sola' cell covers anil 
.xltie- . li >rn UV ileijr ixlatni s presented A silicone haul coat 

re. • c- ii' i.itmg a UV scn-i -i yiienl was selected as a suitable 

Coat ; 'ii, rte .it i PfA Te*lou -cilai cell ciiveis Coiis.de' ation is 
give laliieil i pine times ao<l techn i|ues tor introduction Ot 
'in UV x i'- i .i s "l . .i. ' -.ft c ’• ie , i . aiul appl cation ut these 

UV 1 '.i'll i i ill! i Itn- Tettcf'is Some i.ireliminary environ 
mental te a j- u . ( nj shuck anti temperature humuhty. were 

ci .ii.lurlei* VT 
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28 PROPELLANTS AND *UELS 

Includes rocket propellants ly ters and oxidizers, 
storage and handling and aircraft uels 

For related information see also 07 Aircraft h pulsion 
and Pone' 20 Spacecraft Propulsion and Power and 
44 Inergy Production and Conversion 


N7*-131M*f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

CHARACTERISTICS AND COMIUITfON Of FUTURE 
HYDROCARBON FUELS 

R A Rudey and J S Grobman In AGARD Aircraft Eng 
Future Fuels and Energy Conserv Sep 1976 23 p refs (For 
pnmary document see N79 13192 04 281 
Aveil NTIS HC AOS/MF A01 CSCL21D 

Changes in fuel properties that are expected in future 
hydrocarbon fuels for aircraft are discussed along with the principal 
properties of syncrudes and the fuels that can be derived from 
them The impact that the resultant potential changes in fuel 
properties may have on combustion and thermal stability 
characteristics ts illustrate 1 and discussed in terms of ignition 
soot formation carbon deposition flame radiation, and amis 
•ions JMS 


NT* iilr'f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

IMPACT Of FUTURE FUEL PROPERTIES ON AIRCRAFT 
ENOINSS AND FUEL SYSTEMS 

R A Rudey and J S Grobman In AGARO Aircraft Eng 
Future Fuels and Energy Conserv Sep 1978 29 p refs (For 

primary document see N79 13192 04 281 
Avail NTIS HC A09/MF A01 CSCL 210 

The affect of modifications in hydrocarbon |et fuels specifics 
lions on engine performance component durability and mainte 
nance and aircraft fuel system performance is discussed Specific 
topics covered include specific fuel consumption ignition at relight 
limits exhaust emissions combustor liner temperatures carbon 
deposition gum formation in fuel nozzles erosion and corrosion 
of turbine blades and vanes deposits in fuel system he*; 
exchangers ard pumpahility and flowatxlity of the fuel Data 
that evaluate the ability ol current technology aircraft to accept 
fuel specification changes are presented and selected technologi 
cal advances that can reduce the seventy of the problems aie 
described and discussed JMS 


N79 16199‘e National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

HIGH FREEZING POINT FUELS USED FOR AVIATION 
TURBINE ENGINES 

Robed Fnedman 1979 14 p refs To be presented at the 

24th Ann Intern Gas Turbine Conf San Diego Cald 11-15 Mar 
'9 7 9 sponsoied by ASME 

NASA TV 79015 f 9804 Avail NTIS HC A02 MF A01 
CSCL 2 1 0 

Broadened specification av ation fuels could be produced from 
a greater fraction of crude source material w.th improvements 
in fuel supply and price These fuels particularly those with 
increased fmal boning temperatures would have higher freezing 
tempeiatuies than uff t aviation turbine fuels Fo> tne small 
but signora t fiyr -r o' commercial flights where low fuel 
tempp' al lies rr.a-r r—gce- heezerg point fuel use unacceptable 
adaptation*, t, •••*- ,c fuel system may be made to accomodate 
.his luel c -c' lecncviiue. a*e discussed Fuel hfxung is the 
most proe ,'f, vpt One Simple design uses existing heat 
■election 'mm ‘uel luDncatmy Oil cooler another uses an 

engine driypn generator lor electrical heating A R H 


N79 16138*# National Aeronautics nd Space Administration 
Lawis Research Center Cleveland Ohiv 

EFFECT OF BROADENED SP E CIF 1C A TIO N FUELS ON 
AIRCRAFT ENGINES AND FUEL SYSTEMS 

R A Rudey 1979 25 p refs To be presented at the 4th Intern 
Symp on Airbreathing Eng Lake Buen Vista Fla t 6 Apr 
1979 sponsored by AIAA 

I NASA TV 79086 E 98981 Avail NTIS HC A02'Mf A01 
CSCL 210 

A wide variety o* studies on the potential effects of 
broadened specification fuels on future aircraft engines and fuel 
systems are summarized The compositions and characteristics 
of aircraft fuels that may be derived from current and future 
crude-oil sources are described and the most critical properties 
that may effect aircraft engines and fuel systems are identified 
and discussed The problems that are most likely to be encountered 
because of changes in selected fuel properties are explored 
and the related effects on engine performance component 
durability and maintenance and aircraft fuel system perform 
anct are examined The ability of curren' technology to accept 
possible future fuel specification changes is assessed and selected 
technological advances that can reduce the seventy of tne potential 
problems are illustrated A R H 


N 79 20266*# National Aeronautics and Space Admmistra’ on 
Lewis Research Center Cleveland Ohio 

AIRFOIL COOLING HOLE PLUGGING BY COMBUSTION 
GAS IMPURITIES OF THE TYPE FOUND IN COAL DERIVED 
FUELS 

Daniel L Deadmore and Carl E Lowell Feb 1979 14 p refs 
I Contract EF 77 A 01 25931 

INASA TM 79076 E 9893 00E/ NASA 2593 79/ 1 1 Avail 

NTIS HC A02/MF A01 CSCL 21D 

The plugging of airfoil cooling holes by typical coal derived 
fuel impurities was evaluated using doped combustion gases in 
an atmocphenc pressure burner ng Very high specific cooling 
air mass flow rates reduced or eliminated plugging The amount 
ol flow needed was a function of the composition of the deposit 
It appears that plugging of film cooled holes may be a problem 
for gas turbines burning coal derived fuels Author 


N79 28349*# National Aeronautics and Space Admin, stration 
Lewis Research Center Cleve'anrl Ohio 

USE OF REFINERY COMPUTER MODEL TO PREDICT FUEL 
PRODUCTION 

Francisco J Floies Jun 1979 25 p rets 
NASA TM 79203 E 088 Avail NTIS HC A02 MF AO' CSCL 
210 

Several factors crudes refinery operation and spe. ‘ ahonv 
that affect yields a"d properties I b'oad spev ', anoi el fuel 
were parameterized using the refinery simulator model which 
can simulate diffe’ent types of refineries wete used to make the 
calculations Results obtained horn the t • jg'an are used to 
correlate yreld as a function of final boil.ng pond h, lugc'i tor te d 
and freezing point fo' jet fuels p'Oduce' in two refinery 
configurations each one ' rocessmy a iidfcent 'uoh •,,« Re’ ** . 
performani. • are also lompa d <r teims of ene g, Lii'lsurnp 
tion A R H 


N79 28350 * Nat lOna' Aeronautic*. and Sl a; *» Admin. st»dtior- 
Lew*- Research Ce-de* Cleveland Ot-ui 

AXIAL JET MIXING Of ETHmNOI IN CYLINDRICAL 
C ’ TAINERS DURING WEIGHTLESSNESS 

C AydeloH Jul 19 79 43 i> »efs 
NASA TP 1487 £ 9937 Ava NTiS hC A03 ME A01 CSCL 
2 1 D 

An e*per<rTienfdl P f og'am Ads undo* ted tu e«tmine the 
liquid flow patterns that result frurn tt. i» al ;et m ( « ng of ethanol 
m 10 centimeter dtamete* cylindrical M r, *s * Ae qtdiessness A 
onve* hemisphere a'N e* ded ta n * an.* ia j ’j qum 
hydrogen tank models A6*e iised f* the study *• »u i stmet 
liquid flow patterns were obse've 1 to Lt» a ’it' »»• ^ tne tank 
geometry the liquid iet velocity the volume of liquid m tr~e 


*9 



tank and Me location of toe tube from which the liquid jet 
exited Author 


N78 3 , 403*# National Aeronautics and Space Administration 
Lew ; Research Center Cleveland Ohio 

THERMOPHYSICAL PROPERTY DATA WHO NEEDS 
THEM? 

R C Hendricks 1979 27 p refs Proposed for presentation 

at the Winter Ann Meeting of the ASME NY 2 7 Doc 
1979 

INASA TM 79241 E 149) Avail NTIS HC A03/MF ACM CScl 
07D 

Specific examples a r e cited to illustrate the universal needs 
and demands for thermophysical property data Applications of 
the principle of similarity in fluid mechanics and heat transfer 
and extensions of the principle to fluid mixtures aie discussed 
It becomes quite clear that no matter how eloquent tneories (or 
experiments) m fluid mechanics or heat transfer are results of 
their application can be no more accurate than the theimophysical 
properties required to transform these theories into practice or 
m the case of an experiment to reduce the data Present day 
protects take place on suen a scale that the need for international 
standards groups and mutual cooperation is evident Author 


N79 31406*# National Aeronautics and Space Admimst'ation 
Lewis Research Cente f Cleveland Ohio 

COMPARISON OF THE PROPERTIES OF SOME SYNTHETIC 
CRUDES WITH PETROLEUM CRUDES 

Albert C Antome Jul 1979 31 p refs 
NASA i M 79220 E 115) Avail NTIS HC A03 MF A01 CSCL 
2 1 D 

Physical properties and chemical compositions of six synthetic 
crudes were determined The results were compared to those of 
typical petroleum crudes with the interest being tht feasibility 
of making iet fuels front oil shale and coa' syncrudes The specific 
cravi’y viscosity and pour point we»e measured showing that 
! iese crudes would t»e described as heavie- rather than lighter 
nudes The boiling range distribution of the crudes was determined 
by distillat-oi and by gas chromatography In addition gel 
permeation chromatograms were obtained giving a unique 
molecular weight distribution profile For **ach crude Analyses 
for carbor hydrogen nitrogen and sulfur concentrations were 
performed as well as for hydrocarbon group type and trace 
element concentrations It was found that the ranqe ,n concenfra 
tion of vanadium an element whose presence in tiubme fuel* 
is of maior concern was lower than that of petroleum crudes 
Sodmm and potassium other elements of concern were present 
in comparatively high concentrations Author 
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A79 11599 * ft Characteristics and combustion of f* »ure 
hydrocarbon fuels. R A Rudey and J S Grobman (NASA, Lewis 
Research Center. Cleveland. Ohio) NATO AGARD Lecture Senes 
on Energy Conservation in Aircraft Propulsion Munich. Wesf 
Germany. Oct. 26. 27. 1976 Paper 25 p 19 refs. 

Dwindling supply of hign quality crude is beginning to manifest 
itself m the form of crude Oils containing higher percentages of 
aromatic compounds, sulfur, nitrogen, and trace constituents In the 
present paper, problems which have arisen with regard to the 
hydrogen content in jet fuels denved from these crude oil sources are 
discussed, with particular reference to the effects of varying the fuel 
properties on the combustion and thermal stability characteristics of 
a fuel. The importance of knowing how severe the effects of 
variations in hydrogen content, fuel bound nitrogen content, and 
boiling range are on such combustion phenomena as soot and carbon 
foimation. emissions and ignition n pointed out. V P 


A79-1237F * « Alternative aviation turbine fuels J Grobman 

(NASA. Lewis Research Center Advanced Technology Section. 
Cleveland, Ohio) In Nai «nal Conference on Energy Conservation in 
Genera, Aviation. 1st. Kalamazoo. Mich.. October 10. 11. 1977 
Proceedings I A79 1 2376 02 07) Kalamazoo. Mich Western Michi 
>n University. 1977. p 40 59 11 refs 

The efficient utilization of foss*l fuels by future jet aircraft may 
necessitate the broadening of curren* aviation turbine fuel specified 
tions. The most significant changes in specificat ons would be an 
increased aromatics content and a higher final boiling point in order 
to minimize refinery energy consumption and costs. These changes 
would increase ihe freezing point and might lower the thermal 
stability of The fuel and coulu cause increased pollutant emissions, 
increased smoke and carbon formation, increased combustor liner 
Temperatures and poorer ignition characteristics. This pap*** d«s 
cusses the effects that broadened specification fuels may have on 
present day jet aircraft and engine components and the technology 
required to use fuels with broadened specifications (Author) 


A79 30555 * - High freezingpoint fuels used for aviation tur- 

bine engines R Friedman (NASA. Lewis Research Center. Cleve- 
land. Ohio). American Society o* Mechanical Engineers Gas Turbine 
c inference and Exhibit and Solar Energy Conference. San piego, 
Cahf. Mar. 12-15 1979 Patter 79-GT 141 12 p 21 refs 

Broadened specification aviation fuels could be produced from a 
greater fraction of ciude source material with improvements in fuel 
supply and price These fuels pa tirularly those with increased final 
boiling temperatures, would have higher freezing temperatures than 
current aviation turbine fuels The higher freezing-point fuels can be 
substituted in the maionty of present commercial flights, since 
temperature data indicate that in flight fuel temperatures are relative- 
ly mild For the small but significant fraction of commercial flights 
//here low fuel temoeratures make higher freezing-point fuel use 
unacceptable adaptations to the fuel or fuel system mav be made to 
.i commodate this fuel Several tech* lues are discussed Fuel heat 
mg s the most promising concept One simple system design uses 
existing heat rejection from the fuel lubrica'ing oil cooler another 
uses an engine -driven generator for electrical heating. Both systems 
offer advantages that outwe qh the obvious penalties (Author) 


A79 38980 * Analysts of the impact of the use of broad 

specif ication fuels on combustois for cumou-rcial aircraft gat turbine 
eegmes E J Szeiela (United Technologies Research Center. East 
Hurtful Conn ). 1 ° Lehmann (United Technologies Coip . Pratt 
and Wtutdp, Aircraft Group East Hartford Conn ), and A L Smith 
(NASA, lewis Research Center. CU ve: u .td r (Jh • ) AIAA SAE and 
ASME Joint Propulsion Conference. Ijlh Las veti.it Ne% June 
Id 30 1979 At A A Paper 79 i 155 lip 16 r. tv 

An jn ilytical study was n mrlucted to assess the mpje* o* the 
• • • * broad Spec fiuo'inn ' mis w.th tin tuner f hvdrurjen content tin 
th»- devqr !»••' tu»manr»* lur.iht'iTy em.ssm.iS arul ipfr.it tonal 
'■n.V.K bTiSlir s • ' * - >mbistnr* for cornmcrr al aircraft »jd turbine 
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engines. The study was directed at defining necessary design revisions 
to co nbustors designed for use of Jet A when such aie operated on 
ERBS (Experimental Referee Broad Specification Fuill which has a 
nominal hydroyen content of 12 8 percent as opposed to 13 7 
percent in current Jet A The results indicate that improvements in 
combustor liner c jlmg. and or materials, and methods of fuel 
atomization will be required if the hydrogen content of aircraft gas 
turbine fuel is decreased (Author) 


N7S 10228*)|l Southwest Research Inst San Antonio Tex 

WORKBOOK FOR ESTIMATING EFFECTS OF ACCIDENTAL 
EXPLOSIONS IN PROPELLANT f IOUNO HANDLING AND 
TRANSPORT SYSTEMS Final ' .port 

W E Baker J J Kulesz R E Ricker P S Westrne V B 
Parr L M Vargas and P K Moseley Aug 1978 274 p refs 
(Contract NAS3 204971 

(NASA CR 3023 Rept 02 4778) Avail NTIS 

HC A 1 2 MF A01 CSCL 210 

A workbook is presented to supplement an earlier NASA 
publication which was intended to provide the designer and 
safety engineer with rapid methods for predicting damage and 
hazaids from exp'osrons of liquid propellant and compressed gas 
vessels used in ground storage transport and handling Information 
is [ resented in the form ol graphs and rallies 'ow easy 
calculation using only desk or handheld calculators i oprcs covered 
in various chapters aie ll estimates of explosive yie'l 
121 characteristics of pressure waves 13' effects of pressure 
waves 41 characteristics < Payments and 1 5 r effects of 
fragments and related topics Author 


N 79 2O200*|(f General Applied Science Labs Inc. Westbury 
N Y 

PREMIX FUEL* STUDY APPLICABLE TO DUCT BURNER 
CONDITIONS FOR A VARIABLE CYCLE ENGINE 
Find Report 

K S Venkatartmani Dec 1978 44 p refs 
(Contract NAS3 20603) 

(NASA CR 159513 TR251) Avert NTIS HL A03/MF A01 
CSCL 2 ID 

Emission levels and performance of a demising Jet A /an 
duct burner were measured at reference conditions representative 
of take off and cruise for a variable cycle engine 'n a parametric 
variation sequence of tests ante weie uoiamed at inlet tempera 
tures of 400 500 and 600K at equivalence ratios varying from 
0 9 to the lean stability limit Ignition was achieved at all the 
reference conditions although the CO levels were' very high 
Significant nonuniformity across the combustor w.'x observed 
for the emissions at the take off condition At a reference Mach 
number of 0 1 1 7 and an inlet temperature of 600K corresponding 
to a simulated cruise condition the NOi emission level was 
approximately 1 gm ’ kg fuel LS 


N70 20207*1 E xxon Research and Engineering Co Linden N J 

HIGH PERFORMANCE HIGH DENSITY HYDROCARBON 
FUELS 

J W Franken'eld T W Hastings M Lrebermen and W F 
Taylo. Oct 1978 239 p refs 
iContiact NAS3 20394 

(NASA CR 159480 S7 DN/GRUS 1 FWD 781 Avail NTIS 
HC All MF A0 1 CSCL 2 ID 

The fuels were selected from 77 original candidates on the 
basis of estimated merit index and cost effectiveness The ten 
candidates consisted of 3 pure compounds 4 chemica> plant 
streams and 3 refinery streams Critical physical and chemical 
properties of lire candidate fuels were measured including heat 
of combustion density and viscosity as a function of temperature 
freezing points vapor pressure boiling point thermal stability 
The best ell around candidate was found to be a chemical plant 
olefin stream rich in dicyclopentadiene This material has a high 
merit index and is available at low cost Possible problem areas 
were identified as low tampaiature flow properties and them a 
stability An economic analysis was earned oul to determine 
the production costs of top candidates The chemical plant and 
'•finery streams ware all less than 44 cent kg wtv 1 ' the pure 


compounds were greater then 44 cent/ kg A literature aurvey 
was conducted on the state of the art of advanced hydrocarbon 
fuel technology as applied to higt energy propellents Several 
areas for additional research were identified L S 


N79 24172*| Boeing Commercial Airplane Co Seattle Wash 

DESIGN AND EVALUATION OF AIRCRAFT HEAT BOURCE 
SYSTEMS FOR USE WITH HIGH FREEZING POINT FUELS 
Final Report 

A J Pasion NASA May 1979 53 p ...Is 
IContiact NAS3 208151 

NASA CR 159568 D6 480971 Avail NTIS 

HCA03/MFA01 CSCL 2 ID 

The obiectwes were the design performance and economic 
analyses of practical aircraft fuel heating systems that would 
permit the use of high freezing point fuels on long range aircraft 
Two hypothetical hydrocarbon fuels with freezing points of 29 C 
and 18 C were used to represent the variation from current 
day |et fuels A Boeing 747 200 with JT9D 7/7A engines was 
used as the baseline aircraft A 9300 Km mission . ss used as 
the mission length from which the heat requirements to maintain 
the fuel above its freezing point was based JAM 


N79 20221*1 General Electric Co Evendale Ohio 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM DIESEL 
NO 2 FUEL ADDENDUM. PHASE 3 Final Report 

C C Gleaaon and D W Bahr Mav 1979 66 p refs 
IConnact NAS3 197361 

iNASACR 135413 R79AEG367I Avail NTIS 

HC A 04 / M F A0 1 CSCL LID 

A CF6 50 engine equipped with an advanced low emission 
double annular combustor was operated 4 8 hours with No 2 
diesel fuel Fourteen steady slate operating conditions ranging 
from idle to full power were investigated Engine /combustor 
performance and exhaust emissions were obtained and compared 
to JF 5 fueled les. results With one exception fuel effects were 
very small and in agreement with previously obtained combustor 
test ng lesults At high power operating condition the two fuels 
produced virtually the same peak melal temperatures and exhaust 
emission levels At low power operating conditions where only 
the pilot stage was fueled smoke levels tended to be significantly 
higher with No » diesel fuel Additional development of this 
combustor concept is needed in the areas of exit temperature 
distribution engine fuel control and exhaust emission levels before 
it can be considered for production engine use JAM 


N79 29366*k Lockheed California Co Burbank 

EXPERIMENTAL STUDY OF LOW TEMPERATURE BEHAV 
IOR OF AVIATION TURBINE FUELS IN A WING TANK 
MODEL Final Raport 

Francis J Stockemer 1379 112 p refs 

iContiact NAS3 20814) 

iNASACR 1596151 Avail NTIS HC A06/MF A01 CSCL 
2 1 D 

An experimental investigation was performed to study aircraft 
fuels at low temperatures near the freezing point The obiective 
was an improved understanding of the flowabiMv and pumpability 
of the fuels under conditions encoutered during cold weather 
flight of a long range commercial aircraft The test tank simulated 
a section of an o *er wng tank and was chilled on 'he upper 
and lower surface* els included commeictal Jet A and Diesel 

D 7 JP 5 from on .ale and Jet A intermediate freeze point, 
and D 2 fuels derived horn selected paraffinic and naphthenic 
crudes A pouf point depressant was tested M M M 
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N7i 7C1S2* T RW Inc Cleveland Ohio 

AUlwrftATE') PLASMA SPRAY IAPS) PROCESS FEASIBIL 
ITY STUDY PLASMA SPRAY PROCESS DEVELOPMENT 
AND EVALUATION Interim Report 

C W Fetheroff T Derkacs and I M Malay May 1979 117 p 

'els 

(Contract NAS3 201 12I 

(NASA CR 159579 TRW ER 8019-11 Avail NTIS 

HC A06/MF A01 CSCL 13H 

An automated plasma spray IAPS) process was developed 
to apply two layer iNiCrAlY and Zr02 12Y203I thermal barrier 
coatings to aircraft gas turbine engine blade airfoils The APS 
process hardware consists of lour subsystems a mechanical blade 
positioner incorporating two interlaced sin degree of freedom 
assemblies a noncoherent optical metrology subsystem a 
microprocessor based adaptive system controller and commercial 
plasma spray equipment Over fifty JT9D first stage turbine blades 
specimens were coated with the APS process in preliminary 
checkout and evaluation studies The best of the preliminary 
specimens achieved an overall coating thickness uniformity cf 
• or 53 micrometers much better than is achievable manuel'y 
Factors limiting this performance were identified and process 
modifications were initiated accordingly Comparative evaluations 
of coating thickness uniformity for menually sprayed and APS 
coated specimens were initiated One of the preliminary evaluation 
specimens was sub|ected to a torch test and metallographic 
evaluation M M M 
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Includes vacuum technology control engineering 
display engineering and cryogenics 


N79 21226* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

LOW HEAT LEAK CONNECTOR FOR CRYOGENIC SYSTEM 
Patent 

Philip n Stelts inventors Ito NASA) lA'r Prod”Cts and Chemical 
Inc Philadelphia) Issued 2 Nov 1965 6 p Filed 1 Oct 

1964 Sponsored by NASA 

(NASA Case XLE 02367 1 US Patent 3 215 313 

US Patent Appl SN 400857 US Patent Class 222 1 31 1 Avnl 

US Patent and Trademark Office CSCL 20L 

Heat leak from the surrounding atmosphere during fluid 
tri .sfei from a spaced shell-insulated vessel for s’onng liquified 
gas having an upper gaseous phase in min.mi/ed by forming a 
relatively wide shallow blister on the wall of the vessel at the 
point of transfer line connection The shell and the opposed 
walls of the blister have aligned openings whose common ams 
passes centrally through the blister and is normal to the surfaces 
of the vessel and shell A fluid Pansier line conduit passing 
through the shell opening is in fluid tight connection with the 
shell and blister wall The fluid transfer line confines the fluid in 
a continuous stream The blister is filled with a heat insulating 
material which provides a thermal break between the central 
wall pomons of the blister A connector at the bottom of the 
vessel comprises a tube»pitending between the openings in the 
bhs'.ei wh.ch protects a shod distance within the body of liquefied 
.s and terminates in a reverse bend to prevent backflow of 
liquid through the pipe A R H 


N79 23267*|) National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

IDENTIFICATION AND DUAL ADAPTIVE CONTROL OF A 
TURBOJET ENGINE 

Walter Mernll and Gary Leininger iToledo Umv I 1979 10 p 

refs Ptu,osed for presentation at the 5th IFAC Symp on 
Identification and System Parameter estimation Darmstadt West 
Ger 24 28 Sep 1979 

(NASA TM 79145 E 1 0OOOi Avail NTIS HC A02/MF A01 
CSCL 2 1 E 

The objective of this paper is to utilize the oesign methods 
of modern control theory to realize a dual adaptive feedback 
control unit for a highly nonlinear single spool airbreathing turboiet 
engine Using a very detailed and accurate simulation of the 
nonlinear engine as the data source linear operating point models 
of unspecified dimension are identified feedback control laws 
are designed at each operating point for a prespecified set of 
sampling rates using sampled data output regulator theory The 
control system sampling rate is determined by an adaptive 
sampling algorithm in correspondence with turbojet engine 
performance The result is a dual adaptive control law thnt is 
functionally dependent upon the sampling rate selected and 
environmental operating conditions Simulation transients 
demonstrate the utility of the dual adaptive design to improve 
on board computer utilization while maintaining acceptable levels 
of engine performance Author 


A79 19816 ’ Some flow phenomena in a constant area duct 

with a Borda tvpe inlet including the critical 'egior R l. Hi n t i L s 
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coefficient is presented which enables one to estimate flow tates over 
the esfienmental range A flow rate stagnation pressure map for 
selected stagnation isotherms and pressure profiles document these 
flow phenomena (Author) 


N79 30416*# Boeing Engineering and Construction Seattle 
Wash 

MOD 2 FAILURE MODE AND EFFECTS ANALYSIS 

Robert Lynette and Robert Poore Jul 1979 302 p Sponsored 
by NASA 

(Contract UEN3 2 DE AI01 79ET20485I 

INASA CR 1596321 Avail NTIS HC A14MF A01 CSCL 
13L 

The results of a failure mode and effects analysis of the 
Mod 2 wind turbine are presented Author 
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32 COMMUNICATIONS 

Includes land and global communications commumca 
tions theory and optical communications 

For related information see also 04 Aircaft Commumca 
Ions and Navigation and IT Spacecraft Communications 
Command and Tracking 


NT#- 14276*1 National Aeronautics and Space Ad- mstra.ion 
Lewis Research Center Cleveland Ohio 

DEMON OE A VIDEO TELECONFERENCE FAC.LiTV FO* 
A SYNCHRONOUS SATE LUTE COMMUNICAV ONS LINA 

Michael D Richardson Jan 1979 20 p refs 

(NASA TP 1376 E 92021 Avail NTIS HC A02/ME Aul CSCl 

17B 

The system requirements design tradeoffs and Tina design 
of a video teleconference facility are discussed, including „»op«r 
lighting graphics transmission and picture aesthetics Methods 
currently accepted in the television broadcast industry are used 
m the design The i mque problems associated with js.ng an 
audio channel with a synchronous satellite communications link 
are discussed and a final audio system des gn is presor ted 

Author 


N79 16169*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

TELECOMMUNICATION SERVICE MARKETS THROUGH 
THE YEAR 2000 IN RELATION TO MILUMETER WAVE 
SATELUTE SYSTEMS 

Steven M Stevenson 1979 13 p Presented at the Intern 
Telecommunication Exposition Dallas 26 Feb 2 Mar 1979 
(NASA TM 79099) Avail NTIS HCA02/MFAG1 CSCL17B 
NASA is current!-, conduct i >y a series of millimeter wave 
satellite system market studies to develop 30/20 GHz satellite 
system concepts that have commercial potential Four contractual 
efforts were undertaken two parallel and independent system 
studies and two parallel and independent market studies The 
marketing efforts are focused on forecasting the total domestic 
demand for long haul telecommunications services for the 
1980 2000 period Work completed to date and reported in 
this paper include protections of geographical distribution of 
traffic traffic volume as a function of urban area size and user 
identification and forecasted demand Author 


N79 17072“# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DETERMINING POTENTIAL 30 20 G Hi DOMESTIC 
SATELLITE SYSTEM CONCEPTS AND ESTABLISHMENT OF 
A SUITABLE EXPERIMENTAL CONFIGURATION 

Grady H Stevens and Godfrey An/u 1979 19 p refs Presented 
at the Intern Telecommun Exposition Dallas 26 c eb 1976 
2 Ma- 1979 

NASA TM 79092 E 39 1 6i Avail NTIS HC A02 VF A01 

.SCL 17B 

NASA is conducting a series of millimeter wave satellite 
communication systems and market studies to 111 determine 
prtentiai domestic 30 20 GH / satellite concepts and market 
po-ential and 121 establish the requirements for a suitable 
technology verification payload which j'though intended to be 
modest m tapacly would suficipntiy de nonstrate key ’echnolo 
gies and experimentally address key operational issues Preliminary 
resuhs and critical issues of the current contracted ef'ort are 
described Also included is a description o< a NASA developed 
multibeam satellite payload configuratio which may b*- represen 
tative of concepts iMized in a technology flight verification 
program F 0 S 


H79 20300 | National Aeronautics and Space Administration 
Lewis Resoarch Center Cleveland Ohio 

RESULTS OF THIN ROUTE SATELLITE COMMUNICATION 
SYSTEM ANALYSES INCLUDING ESTIMATED SERVICE 
COSTS 

David L Wright 1979 12 p ref Presented at the Intern 

Telecommun Exposition Dallas 26 F e b 2 Ma- 19 7 9 Prepared 


in coopera ion with Fairchild Space and Electronics Co German- 
town. Md 

(Contract NAS3 20364! 

(NASA TM 79098 E 9922) Avail NTIS HC A02/MF A01 
CSCL 178 

A variety of cost and performance tradeoffs are addressed 
end the preliminary design of a communications satellite system 
capable of meeting isolated rural users needs is presented Small 
inexpensive r iral sarth stations are linked via the satellite to a 
nation wide network of large earth stations which are. in turn, 
interconnected to the switching exchanges of the conventirnal 
telephone network Optimum earth station EIRP and G/T and 
satellite transponder power t'a defined as a function of a wide 
variety of system options G Y 


N 79 23313*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

VHF DOWNLINE COMMUNICATION SYSTEM FOR SLAR 
DATA 

R J Schertler. T L Chase R A Mueller I Kramarchuk. R J 
Jirberg and R T Gedney 1979 10 p refs Presented at the 
13th Intern Symp on Remote Sensing of Environment. Ann 
Arbor Mich 23 27 Apr 1979 sponsored by Michigan Umv 
INASA TM 79164 E 025) Awl NTIS HC A02/ME A01 CSCL 
171 

A real bme VHF downlink communication system is described 
foi transmitting side looking airborne radar (SLAR) data directly 
from an aircraft to a portable ground/ shipboard receiving station 
Use of this receiving station aboard the U S CoiSt Guard 
.cebreaker Mackinaw lot generating real time photographic quality 
radar images is discussed The system was developed and 
demonstrated in conjunction with the U S Ccast Guard and NOAA 
National Weathet Service as part of the Project Icewarn all weathei 
ice information system for the Great Lakes Winter Navigation 
Program Author 


N79 27361*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SATELLITE COMMUNICATIONS FOR OISASTER RELIEF 
OPERATIONS 

Joseph N Sivo 1979 20 p refs Proposed for presentation 

at Intern Astron f ederation Munich 17 23 Sep '979 
(NASA TM 7S 198 E 078) Avail NTIS HC A02/MF A01 CSCL 
17B 

The use ol existing and planned communication 5 stellite 
systems to proveide assistance in the implementation ot 
disaster relief operations on a global basis was discussed along 
with satellite communications system implications and their 
potential impact on field operations in disaster situations 
Consideration are given to the utilization ol both INTELSAT and 
MARISAT systems operating at frequencies ranging trom 1 5 to 
4 GHi and to the sue and type of ground terminals necessary 
for satellite access Estimates of communication requirements 
loi a global system are given Some discussion of cost estimates 
foi satellite services to support operations are included Studies 
ol communication satellites lor both pre and post disaster 
applications conducted 'or NOAA are included as well as recent 
experiments conducted in conjunction with the Office of Foreign 
Disaster Assistance ol the Agency lor International Develop 
ment M M M 


N79 33379*# National Aeronautics and Space Aomin, Stratton 
Lewis Research Center Cleveljnd Ohio 

CARRIER INTERFERENCE RATIOS FOR EREOUENCV 
SHARING BETWEEN SATEI UTE SYSTEMS TRANSMITTING 
FREQUENCY MODULATED AND DIGITAL TELEVISION 
SIGNALS 

Scott P Barnes 1979 8 p rets To be presented at the Nell 
*elecommun Coni Washington DC 26 28 Nov 1979 
sponsored by IEEE 

INASA TM 79265 E 1801 Avatl NTIS HC A02 'MT ALII CSCL 
17B 

Results are presented of subjective and quantitati e tests 
describing the results of interference to a particular digital 
television system from a frequency modulated IFfvn television 
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system and tor interference to in FM television system from a 
digital television system UMU 


A79 14948 ’ « 20/30 GHz satellite systems technology needs 

assessment G Slrvens and D Wnglit l.NASA. Lewis Research 
Centei. Cleveland, Ohio', instrumen* Society Ot America, 

International Telemetering Conference Lis Angeles Calif. Nov 
14 16, 19/8 Paper 12 o 8 refs 

The paper surveys the system and market work done at 
NASA Lewis with regard to exploring the potential ol the 20/30 
GH/ bands tor dompstic satellite communications. The 20 30 GHz 
bards appeal attractive economically and. with certain technology 
ad 1 ances, appear to offer a virtually unlimited spectrum resource. 
This attractiveness is especially relevant to high density trurking 
where there is sufficient traffic to lustify dual station site diversity. 
Onqoinq system and market studies actively involve satellite system 
suppliers and carriers as well as the govern'. sent in a cooperative, 
mutually beneficial effort. It is considered that this is the approach 
most likely to result in a spect um efficient acceptable risk 
hiqh capacity 30 30 GHz satellite system which is relevant to 
anticipated markets B J. 


A79 27397 * determining potential 30/20 GHz domestic 

satellite system concepts and estaohshmenl of a suitable experimen 
tai configuration G H. Stevens and G Anzic (NASA. Lewis Re 
search Center Cleveland. Ohiol International Telecommunication 
exposition. Dallas. Ter , Teh 26 Mar 2. 19/9. Paper 19 p 6 refs 
Issues and results in a NASA study of the potential concepts and 
markets tor a multibecm 30/20 GH/ domestic satellite system in the 
1990s are presented. Issues considered include the leductior. of signal 
attenuation due to rain beam beam interference isolation in the 
multibeam system, the method of access modulation (FDMA TOMA 
oi hybrid! and the market for reduced reliability and wideband 
services. A hypothetical demonstration Payload configuration which 
would attempt to resolvr hese issues is illustiated The commumca 
lions payload would employ u system c* scum cord gucus ccv» age 
spots in ordei to demonstrate a typical cell n a contiguous beam 
system having extensive frequency reuse, as in a direct to user svs 
tem, and a single spot typical of a trunking system, to deleimme 
signal isolat'On The payload could be cart cd on several existing 
buses and it illustrated on an MMS bus A L W 


A79-27398 * Telecommunication service markets through 

the yesr 2000 in relation to millimeter wave satellite systems S M 

Stevenson INASA l ewis Research Cente> . Cleveland. Ohio) Interna 
tional Telecommunication Exposition Dallas Tex . Pen 26 Mar 2 
19/9 Paper 12 p 

NASA is currently concluding a senes of millimeter wave satel 
Ide system and market studies to develop 30 /?0 GH? satellde system 
concept that have commercial potential tor the period 1980 2000 
The re*ults if the mek-t studies to date focusing on the ovt'all 
demand forecasts and distributions by qeog’jphic location distance 
jnd user category are discussed Tables a f e p'esented indicating 
baseline market forecast voire and video services, data service ca"e 
goiy. impacted baseline forecast and tiaffic/distance d'Slnbulion 
voice services It is concluded that the total maixet and system 
activity will be influential in determining the potential role of mill* 
meter wave systems in the overall transmission needs of tne nation, 
and the amount of the total foiecasted traffic suitable tor millimeter 
wave systems A A 


A79-29784 * Millimeter wave communication satellite con 

cep's L 0 Holland. N B Hilsen R W sVallac* (Georgia Institute 
of Technology, Atlanta Gal and G Stevens (NASA Lews 
Reseaicb Center Cleveland. Ohiol In Canadian Communications 
am. Power Conference, Montreal Canada. Octoter 18 20, 1978 
Proceedings IA79 29776 11 321 New Yoik Institute o* Electrical 
and Electronics Engineers. Inc 1978 p 93 95 5 re's Contract No 


NAS3 20110. 

Methodology has been developed for identifying viable and 
appropriate technologies for future NASA millimeter wave research 
« based upon the technical requirements of potential space 
communication services. Applicability of the methodology has been 
verified through its use with two conceptual communications 
syst s. The subsystem cost and weight models are the appropriate 
level of detail for this study Application of the methodology to the 
detailed design of a satellite system would require further model 
refinement. 8.J. 


A79 30394* a Global disaster satellite communications sys- 

tem for disaster assessment and relief coordination. B E LeRoy 

(NASA Lewis Research Center. Cleveland. Ohio) International Tele- 
communication Exposition, Dallas. Tex., Feb 26 Mar 2, 19/9, 
Paper 10 p 6 refs 

Global communication reqjuements for disaster assistance are 
analyzed in the light of operationally feasible satellite system con 
cepts and associated system paiameters. Present and planned com- 
mercially available systems are considered, together with an assess- 
ment of the associated global disaster .. mmunication yearly service 
costs It is concluded thet a likely number of transportable terminals 
required for long distance relief communications activities would be 
less 'ban 10. with the transportatir: costs not expected to exceed 
25% of the annual systems' cos'. Consequently, no sOLnd economic 
lustification is seep for ground terminal development for the global 
disaster communications system. A, A. 


A79 30395 * a Results of thm-route satellite communication 

system analyses including estimated service costs D L. Wright 

(NASA. Lewis Research Centei. Cleveland. Ohio) International 
Telecommunications Exposition. Dallas. Tex Feb. 26-Mar. 2 19/9. 
Paper. 10 p Contract No NAS3 20364 

Ways for deteiminmg optimum satellite and terrestrial system 
architectures and parameters for providing the most economical 
itleprione >e. vice to remote areas o* the L‘ S are explored Several 
configurations for an isolated rural telephone system, covering all the 
•tates plus Alaska employing satellites is considered Both direct to- 
the user and community type of systems are evaluated using UHF 
and Kuba'.d RF equipment for the rural satellite links The effect of 
multiple spot beams, outage, signal quality, modulation method, 
satellite accessing, forward error correction, and the number of users 
are also evaluated The total cost for a 5 minute call from an isolated 
rural user to a TELCO use' was shown to be as low as SI 39 for a 
system with 1 8 X 10 to the sixth rural users A A 


N79 12273*# Fairchild Space and Electronics Co Germantown 
Md 

COMMUNICATIONS SYSTEMS TECHNOLOGY ASSESS 
MENT STUDY VOLUME 2 RESULTS Final Report 

R L Kellev R X Khatri J D Kiesling and J A Weiss Oct 
1977 352 p 
(Contract NAS3 203641 

NASA CR '352241 Avail NMS HC A16/MF A01 CSCl 
17B 

The cosi and technology chaiactenstics are examined for 
providing special satellite services al UHF 2 5 GH? and 14/12 
GH, Considered are primarily health educational informational 
and emergency disaster type services The total cost ol each 
configuration ncludmg space segment earth station installation 
operation and maintenance was optimized to reduce the user s 
total annual cosi and establrsh preferred equipment performance 
parameters Technology expected to be s/aileble between now 
and 1985 is identified and comparisons made between selected 
alternatives A key element of the study is a survey of earth 
station equipment updating past work -n the field providing new 
msight into technology end evaluating production and test 
methods that can reduce costs m large product on n ns Various 
satellite configurations wi's examined The cos impact ot rain 
attenuation at Ku bend was evaluated The lactnrr. affecting the 
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ultimate capacity achievable with the available orbital arc and 
available bandwidth were analyzed G G 


N79 17071 *# Dayton Univ Research Inst Ohio 

A CNOSS IMPACT METHODOLOGY FOP THE ASSESS 
MENT OF US TELECOMMUNICATIONS SYSTEM WITH 
APPLICATION TO FIBER OPTICS DEVELOPMENT EXECU 
TIVE SUMMARY Final Aeoort 

Joseph P Martino Re'"' ' Lenz Jr and Kuei Lin Chen Jan 

1979 3o p 
(Contract NAS3 20. 

(NASA CR 135209 UDR TR 79 17) Avail NTIS 

HC AO.T/MF A01 CSCL 17B 

A cross impact model o< the U S telecommunications system 
was developed For this model :t was necessary to prepare 
forecasts of the maior segments of the telecommunications 
system such as satellites telephone TV CATV tadio broadcas 
ting etc In addition forecasts were prepared of the traffic 
generated by a variety of new or expanded services such as 
electronic check clearing and point of sale electronic funds transfei 
Finally the interactions among the forecasts were estimated (the 
cross impacts! Both the forecasts and the cross impacts we’e 
used as inputs to the cross impact model which could then be 
used to stimulate the future growth of the entire U S telecom 
munications system By varying the inputs technology changes 
or policy decisions with regard to any segment of the system 
could be evaluated in the context of the remainder of the system 
To illustrate Ihe operation of the model a specific study was 
made of the deployment of fiber optics through' it the 
telecommunications system Author 


N79 18159*# JoVton Univ Research Inst Ohio 

A CROSS IMPACT METHODOLOGY FOR THE ASSESS 
MENT OF US TELECOMMUNICATIONS SYSTEM WITH 
APPLICATION TO FIBER OPTICS DEVELOPMENT. 
VOLUME 1 Final Report 

Joseph P Mamno Ralph C Lenz Jr Kuc Lin Chen Peter Kahut 
Robert Sekely and John Weiler Jan 1979 220 p 
IContract NAS3 20365 

(NASA CR .5951 1 UDR TR 79 18 Vol 1 1 Avail NTIS 
HC A10/MF A0 1 CSCL 17B 

A cross impact model of the U S telecommunications system 
was developed It was necessary to prepare forecasts of the 
m«ior segments of the telecommunications system such as 
satellites telephone TV CATV radio broadcasting etc In addition 
forecasts were prepared of the traffic generated by a variety of 
new or expanded services such as electronic check clearing 
and point of sale electronic funds transfer Finally the interactions 
among the forecasts were estimated Ithe cross impactl Both 
the forecasts and the cross impacts were used as inputs to the 
cross impart model which could then be used to stimc.ate the 
future growth of the entire U 5 telecommunications system By 
varying the inputs technology changes or policy decisions with 
regard to any segment of the system could be evaluated in the 
context of the remainder of the system To illustrate the operation 
of ti.r* model a specific study was made of the deployment of 
fiber opt 's throughout the telecommunications system Author 


N79 18180** Daytor Univ Research Inst Ohio 

A CROSS IMPACT METHODOLOGY FOR THE ASSESS 
MENT OF US TE LE COMMUNICATIONS SYSTEM WITH 
APPLICATION TO *IBER OPTICS DEVELOPMENT 
VOLUME 2 Final Report 

Joseph P Martino Ralph C Lenz J kuei I in Chen Peter Kahut 
Robed Sekely and John Weiler Jan 1979 258 p 'els 
Contract NAS3 20365 

■ NASA CR 15951 1 UDR TR 79 19 Vol 2) A. ail NTIS 
HC A12 MF A01 CSCL 178 

The appendices for the cross impact methodology u'e 
presented Thiue include user s guide telecommunication events 
cross impacts protection of historical bends and protection of 
trends in satellite communications F 0 S 


N79 33373*# Hughes Aircraft Co Los Angeles Calif Space 
and Communications Group 

THE 18 AND 30 GHt FIX'D SERVICE COMMUNICATION 
SATELLITE SYSTEM STUDY EXECUTIVE SUMMARY Final 
Raport 

Leonard M B'onstein Sep 1979 11 p 
(Contract NAS3 213671 

(NASA CR 169627 1 HAC REF E 1992 1 SCG 90275RI Avail 
NTIS HC A02/MF A01 CSCL 17B 

The use of the 18 and 30 GHz bands for fixed service 
satellite communications is examined ary obtect ves were 
to determine if satellite communication systems using this 
allocation (27 5 to 30 0 GHz uplink 17 7 to 20 2 GHz down 
link) can be cost competitive with alternate means of communica 
non and to determine what technological developments w 
be required to make these systems competitive To meet these 
obiectives the cost and performance to be expected of '9 and 
30 GHz hardware in the 1985 to 1990 era was assessed selected 
trunking and direct to user concepts were optimized and the 
cos: of these systems was estimated Finally the technology 
develooments required to make the most promising of the 
concepts competitive were identified MUM 


N79 33374*# Hugnes Aircraft Co Los Angeles Calif Space 
and Communications Group 

THE IS AND 30 GHi FIXED SERVICE COMMUNICATIONS 
SATELLITE SYSTEM STUDY Final Report 

Leonard M Bronstt n Sep 1979 297 p refs 
IContract NAS3 213671 

iNASA CR 159627 2 HAC Ref E1992 2 SCG 90272R! Avail 
NTIS HC A13/MF A01 CSCL 17B 

The use of the 18 and 30 GHz bands for fixed service 
satellite communications is examined The cost and performance 
expected of 18 and 30 GHz hardware is assessed selected 
trunking and direct to user concepts are optimized and the 
cost of these systems are estimated The effect of rain attenuation 
on the technical and economic viability of the system and methods 
circumventing the problem are discussed Technology develop 
rnents are investigated and cost estimates of these developments 
are presented A W H 


A79 33793 * On the distribution of computation for se- 

quential decodiny using the st.*ck algorithm R Johannesson (Lurid 
Unrversitet. Lund. Sweden) IFEE Transactions i in Information 
Theory vul IT 25 May 1979, p 323 331 18 rets Research 

supported by the American Swedish Foundation and L M Ericsson 
Telephone Co . Grant No NGL 5025 

A method is developed for estimating the computational 
distribution for the stack algorithm for sequential decoding, that is. 
the probability that the compute I ion required to decode the first 
branch of the free is greater than or equal to N. for small N The 
analysis relics heavily on the theory of multitype branching 
processes A step in the analysis is the determination of the 
distribution of the minimum of the cumulative metr es along the 
r-ansmitted iieth ip the code tree This is used to obtain the 
Irsti ibuhon of the number of computations made by the decoder in 
order to decode the fust blanch in the tiee. and this random variable 
selves as an jpnroxunation of the average number of computations 
|iei decoded branch At information rates below ihe cutoff rate the 
calculated cumiHJtational peitormance is vrtually identical to that 
obtained by time-consuming simulations P T H 


33 ELECTRONICS AND ELECTRICAL 
ENGINEERING 

Includes test equipment and maintainability rompo 
nents. eg tunnel diodes and transistors micrommiatunza 
non and integrated circurtry 

For related information see also 60 Compute r Operations 
and Hardware and 76 So/'J State Physics 


N79 14309**1 Na' tonal Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MACE SHUTTLE ACTIVE POGO SUPPRESSOR CONTROL 
DESIGN USING LINEAR QUADRATIC REGULATOR 
T1CHNIQUES 

Bruce Leht nen and Carl F Loren/ Jan 1979 83 p rets 
(NASA TP 1217. E 95781 Avail NTIS HC A05/MF A01 CSCL 
09 C 

Two methods of active pogo suppression Istabi'izatipn) for 
the srece shuttle vehicle were studied analytically The basis for 
both approaches was the linear qurdratic regulator stale space 
technique The first appioach minimized root mean square pump 
inlet pressure by using either fullsta'e feedback partial state 
feedback, or output feedback with a klalman filter The second 
approach increased the modal damping associated with the critical 
structural modes by using either full state feedback or re 
constructed state feedback A number of implementable controls 
were found by both approaches The designs were analyzed 
with respect to sensitivity complexity and controller energy 
requirements as well as controller performance Practical 
controllers resulting from the two design approaches tended to 
use pressure and flow as feec'oack variables for the minimum rms 
method and structural accelerations or velocities for the modal 
control method Both approaches are suitable for the design of 
active pogo suppression controllers Author 


N79 17139*||l National Aeronau. es and Space Administration 
Lewis Research Center Cleve and Ohio 

EFFICIENCY ENHANCE MCiYT OF OCTAVE BANDWIDTH 
TRAVELING WAVE TUBCS BY USE OF MULTISTAGE 
Dtrr.ESSED COLLECTORS 

Peter Rarmrs and Thjmas A Fo* Feb 1979 29 p refs 
(NASA TP 1 4 * 6 F 9?4n Avail NTIS HC A03 Mf A01 CSCL 

09A 

Small three and fivt stage depressed collectors were 
evaluated in conjunction wi.h a 4 9 to 9 6 GHz TWT of 325 
to 675 W power output and a beam of 0 5 microperv The 
multistage depressed collector MDCl performed well even though 
its design had been optimized for s TWT of identical design but 
considerably less output power Despite large fried losses 
significant efficiency enhancement was demonstrated with both 
tile three and five stage depressed collectors At saturated rf 
power output the improvement in the o'ei.'ll efficiency ranged 
from a factor of 2 5 to 3 0 for the three stage collector and a 
factor of 3 0 to 3 5 for the f ve stage colleztor At saturation 
three stage collector efficiencies of 77 to 80 pe cent and five stage 
collector efficiencies of 81 to 84 percent we e obtained across 
the frequency band An overall efficiency of 3 ’ 0 to 44 3 percent 
across the frequency band of 4 8 to 9 6 GHz wa. demonstrated 
with the use of harmonic injection For operation below sstu'dtion 
even larger relative improvements m the overall TWT efficiency 
we>e demonstrated Co'lector performance was relatively 
insensitive to the degree of regulation of the collector power 
supply L S 


N 79 20316* • National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

TWT utkiUN REQUIREMENTS FOR 30 20 GHz DIGITAL 
COM MUNI CAT) ON9 SATELLITE 

N Stenkiewicz and G Anzic 1979 13 p Presented at the 

17th Aerospa. e Scr Meeting New Orleans 16 17 Jan 1979 
sponsored by AlAA 

(NASA TM 79119 E 99521 Avail NTIS HC A02/MF A01 
CSCL 09A 


The rapid growth of communication traffic (voice data and 
video) requires the development of additional frequency bands 
befure the 1990 s The frequencies currently in use for satellite 
communications at 6/4 GHz are crowded and demands for 
14/12 GHz systems are increasing Projections are thai these 
bands will be filled to capacity by the late 1980 s The nest 
higher frequency band allocated for satellite coi lunications is 
at 30/20 GHz For interrelated reasons of flticiency power 
level and system reliability criteria a candidate for the downlink 
amplifier in a 30/20 GHz communications st'iellne is a dual 
mode tiaveling wave tube (TWT) equipped with a highly efficient 
depressed collector A summary is given of the analyse'- which 
determine the TWT design lequirements T.ie overall efficiency 
of such a tube is then inferred from a parametric study and 
from experimental data on multistaged depiessed collectors The 
expected TWT efficiency al 4 dB below output saturation is 
24 percent in the high mode and 22 percent in the low mode 

LS 


N79 223 7B* A National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ANALYTICAL PREDICTION WITH MULTIDIMENSIONAL 

COMPUTER PROGRAMS AND EXPERIMENTAL VERIFICA 

TION OF THE PERFORMANCE. AT A VARIETY OF 

OPERATING CONDITIONS. OF TWO TRAVELING WAVE 

TUBES WITH DEPRESSED COLLECTORS 

James A Dayton Jr , Henry G Kosmahl Peter Ramins, and 

Norbert Stankiewicz May 1979 28 p re's 

(NASA TP 1449 E 97281 Avail NTIS HC A03/MF A01 CSCL 

09 A 

Experimental and analytical results aie compared for two 
high performance octave bandwidth TWT s that use depressed 
collectors IMDCsl to improve the efficiency The computations 
were carried out with advanced multidimensional computer 
programs that are described here in detail These programs model 
the electron beam as a senes of either d.sks or rings of charge 
and follow their multidimensional traiectoiies from the RF input 
of the ideal TWT through the slow wave structure through the 
magnetic refocusing system to their points of impact in the 
depressed collector Traveling wave tube performance collector 
efficiency and collector current distribution were computed and 
the results compared with measurements for a number of 
TWT MDC systems Power conservation and correct accounting 
of TWT and collector losses were observed For the TWTs 
operating at saturation very good agreement was obtained 
between the computed and measured collector efficiencies For 
a TWT operating 3 and C dB below saturation excellent agreement 
between computed and measured collector efficiencies was 
obtained in some cases bu' only fair agreement in others 
However deviations can largely be explained by small differences 
in the computed and actual spent beam energy distributions 
The analytical tools used here appear to be sufficiently refined 
to design efficient collectors for this class of TWT Hov ive- for 
maximum efficiency some expermental optimization leg 
collector voltages and aperture sizesl will most likely be 
required Author 


N78 23348*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DESCRIPTION OF A 23 kW POWER TRANSFORMER FOR 
SPACE APPLICATIONS 

Irving Hansen 1979 '2 p re's Presented at the Aerospace 

High Voltage Workshop Anaheim Calif 26 27 Feb 1979 
ponsored in pan by Intern Electron Packaging Soc Aerospace 
Electron Systems Soc and IEEF 

(NASA TM 79138 E 99761 Avail NTIS HC A02 Mf A01 
CSCL 09C 

The principle features and special testing of a high voltage 
high power transformer designed and developed for space 
application are described The transformer is operated in a senes 
resonant inverter supplying beam power to a 30 cm mercury 
ion thrustei Electrical requirements include operation of 2 3 kW 
continuous power output pumary currents to 35 amps rms 
and frequencies up to 2C kHz High efficiency was obtained 
through detailed consioc rations of the tradeoffs available in cora 
materials wire selection coil configurations and thermal control 
A number of novel heat removal techniques are discussed which 



control the binding temperature using only the available 
conductive cooling l S 


N79 26316*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PERFORMANCE OF A 14 9 kW LAMINATED FRAME dc 
8ERIE6 MOOR WITH CHOPPER CONTROLLER 

John R Schwa ■> Jun 1979 41 p refs P'toared for DOE 
(Contract EC 77 A 31 10441 

(NASA TM 79172 DOE / N A SA/ 1 044 79/ 2i Avail NTIS 
HC A03/MF A01 CSCL 09A 

Traction motoi using two types of excitation ripple tree dc 
from a motor generator set for baseline data and chopped dc 
as supplied by a battciy and chopper controlle. wjs tested For 
the same average values of mp.it voltage and current the power 
output was independent of the type of excretion At the same 
speeds motor efficiency at low power output (corresponding to 
low duty cycle of the controller i was 5 to 10 percentage points 
less on chopped ic than on ripple free dr This illustrates that 
♦or chopped waveforms it is incorrect to calculate input power 
as the product of average volt<?qe and average current locked 
rotor torque no load lofses and magnetic saturation data were 
so determined S E S 


N/9 27400*0 National Aeronautics and Space Administration 
lewis Research Center C uveland Ohio 

DESIGN OF HIGH PERVEANCE CONFINED FLOW GUNS 
FOR PERIODIC. PERMANENT MAGNET FOCU8EO TUBES 

N Stankiewic/ Jun 1979 17 p refs 

(NASA TP 1485 F 9729* *vail NTIS HC A02/MF A01 CSCL 
09C 

An approach to the design of high porveence low comores-ion 
nuns is described in which confinement is used to stabilize the 
beam for subsequent periodic permanent magnet focusing The 
computed r© suds for two cases are presented A magnetic 
boundary value problem was solved for the scalar potential from 
which the axi.il magnetic field was computed A solution was 
found by denting between Poissons equation and the electron 
traiectory calculations Magnetic field values were varied in 
magnitude un* * a laminar beam with mmiumum scalloping was 
produced RES 


N79 28420** Nahona Aeronautics and Space Administration 
lewis Research Center Cleveland Ohio 

EFFICIENCY ENHANCEMENT OF DUAL MOOE TRAVELING 
WAVE TUBES AT SATURATION AND IN THE LINEAR 
RANGE BY USE OF SPENT BEAM REFOCUSING AND 
MULTISTAGE DEPRESSED COLLECTORS 

Pete> Mamms and Thomas A Fox Jul 1979 26 p refs 
iNASA TP 148b E 9912) Avail NTIS HC A03 Mf A01 CSCL 
09C 

An axisymmetric multistage dei ressed collector of fixed 
geometric design was evaluated in conjunction with an oc'sve 
bandwidth dual node TWT The TWT was operated ove> a wid** 
range of conditions to simulate different application*. The coiltctoi 
was operated n three four and fiv«» stage confimjrabOns end 
its performance was optimned withm the constraint of fixed 
geometric desig d over tl e range of TWT o.vttafing conditions 
covered For operation of the dual mode 1A/T at and nee 
saturation the collectors increased the TWT overall efficiency 
by a facto* of 2 1 *2 to 3 1<2 Collector performame was 
retails eU constant lc» both the hiQh and low TWT modes and 
ft- n»e* 3 tion of the 7W 1 across an octave bandwidlh For operation 
of the TWT »n the linear low distodion range collector ef 
finances of 90 percent and greater w ©m obtained leading to a 
five to twelvefold increase in the TWT overall eR*t 'ency for the 
'angr of operating nnchtions covered and reasonably high igreate* 
than 25 percent) ov©<a • efficiencies well below saturatior 

Author 


N79 31499*1 National Aeronautics and Spa''© Admmirtration 
Lewis Researuh Center Cleveland 0hu. 

ANALYTICAL CORE LOSS CALCULATIONS FOR MAGNETIC 
MATERIALS USED IN HIGH FREQUENCY HIGH POWER 
CONVERTER APPLICATIONS Ph.U Thex.s Toledo Um» 

James E Toner Aug 1979 103 p ru'a 

iNASA TM 79234 E 9993) Avail NtTS HC 06/MF A01 

CSCL 09 A 

The basic magnetic properties under various cp>. ating 
conditions encountered .n the state of the art DC AC/ DC 
converters are examined Using • novel c me vxcKJton circuit 
the basic B H ar"* characteristic* * v .s core materials 
may be observed as a function of circuit cc figuration frequency 
of operation input voltage and pulse width oduiation conditions 
From this empirical data a mathematical loss characteristics 
oquabon is developed tr analytically c edict the specific core 
loss of several magnetic matr *. unuer various waveform 
excitation conditions G Y 


N 79 3246J- ' 0 National Acunaubr* a • pace Administration 
Lewis Research Cente* Cleveland Ohiu 

MULTISTAGE DEPRESSED COL* ' ;TOh FUR DUAL NODE 
OPERATION Patent Apple-., non 

H G Kosmahl inventor (to NASA* r . I 7 Sep 1979 14 p 

NASA Case LFW 13/82 1 L 1 ^ Potent Appl SN G73579) Avail 
NTiS HC A02/MF A01 CSCL ^9C 

A depressed collector whir p raptures the spent electrons of 
s mir'owave transmitting tube it high efficiency »n both high 
omJ low power mode? P* nper^ on if jrovidr d T he end electrode 
has a spike extenamg ow.ird the •ntl.V'cc e'ectrode Intermediate 
electrodes and the entrance acfro.ie h*v© central apeduret 
increasing in size in a downstream direction The** electrodes 
capture most high power mod© spent elect'ons A low pemh 
mode electrode is positioned he*v» e© « the las’ ntermediat© 
electrode and »h© end electrode to rap* ure ir oower spent 
electrons This electrode has a central c^vjrt ^'Ut&rably smaller 
but no larger than that the lest mf« rmediate electrode An 
auxiliary low powei mode .•ie r woor tr a central aperture larger 
than that of the low power r >rf -ctrode n»ay be axially 
positioned between the end ©let* , - k, »rd the low power mode 
electrode The elet tr, ' V are all at voltages provided by a voltage 
diviler connects b©i son a nee 'rve potential and a common 
ground return NASA 


N79 3246 , "ti , National Aaron*. ’.cs «m* 1 >pace Administration 
Lewi*. Res* n Cent©: Cleveland Ohio 

OPTICALLY ISOLATED LOGARITHM)*. "* A NOAM ME TE R 
CAPABLE OF FLOATING TO 6 KILOVO 1 

John C Sturr §r> and John C DeLaat Wa* igtoc Oct 1979 
22 p refs 

(NASA TP 1527 E 99341 Avail NTIS HC A02/M* A01 CSCl 
09 C 

A lujanthmic current measuring instrument wrs dev** >p#»d 
to measure plasma coupling cu***nts at a common mode e 

of 5 kilovolts Pot. live or negative currents can be messurvd 
from 10 to the 9th power tc 001 ampere direct current Optical 
isolation is used to control »• ct switching and to provide data 
referenced to ground po'entii! Analog meter readouts as well 
as zero to five volt outputs are provideo lor ,»eriph©ral data 
collection Six independent channels are provided Three measure 
positive cwrenis and three measure negative currents Although 
designed tor vacuum operation it can be used equally well m 
an to measure low currents at high common mode voltages 

K L 


A 79 T5305 • Design study of superconducting magnets lor a 

combustion magnetohydrodynamic MHD generator R J Thom.. 
J W A*.»s T M Hryrai (Magnetic ('•• . i »< ■* u >.m nl America 
Waltham M,»v. I anil A R . Wh.ut (NASA l rwit Rim arch Center. 
Cl«»v 1 »nrt. Ohio) (• AiK.mrev n rtyiigi* *c ••»wjin»Ti > *«| Volume 23 
Pro;, nl ' nr * ,f the f.infeieni . BuoUfei C-u August 2 0 Id/; 
(A79 15301 04 .1' N. , v v p, m P . v. 10/8 p 28 36 
Cor 'tract N. NAS3 I'.iKi* 

Rr\uh\ .. (in . »•*. < » ,i * > ti »♦• amt (in hm nar « ifetnjr 
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combustion MHD geneiatot test fccrhty The mam objective is to 
9am insight into the magnitude ot the project in trims of physical 
characteristics and rmt. The net result of a fust phase evaluation of 
attractive des gn alternatives is to concentrate subsequent efforts on 
U) a racetrack coil geometry with an operating temperature of * 2 
K, (?) a racetrack cod qron'ftrv with an operating temperature of 
2 0 K. and (3) a »ectangular saddle coil geometry with an opeiatiog 
tempeiature of 4 2 K All three systems are to produce 8 T. and use 
NbTi superconductor anu iron for field enhancement Design 
cha»act**;istics of the thrci systems are described It is shown that .ne 
racetrack and rectangulai saddle cod geometries seem me ;t suitable 
for this application, the former t> cause of its simplicity and the 
latter because o* its efficient use of material Advantage* of the 
rectangular saddle over the two other systems are stressed S.D 


A 79 1G881 • Generalized computer aided discrete bm# do- 

main modeling and analysis of dc-He ronv^ev.. F C Lee R 0 

I wens. V Yu (TRW Defense and Space Systems Group. Redondo 
Beach Caltf ' and J E Trmer (NASA Lewis Research Center. 
Cleveland. Ohio) In Power Electronics Socialists Conference Palo 
Alto Cali*. June 14 16 *977. Record (A 79 10870 01 33) New 
York. Institute of Electrical and Electronics Fryj'"*"., . ia//, o 

68 69 1 3 re#« r-r.t.au No NASJ 19690 

A generalized discrete time domain Modeling and analysis 
technique is presented for all ty pes of switching tegulators using any 
type of duty cycle controller, and operating in both continuous and 
discontinuous inductor current State space techniques are employed 
to derive an equivalent nonlinear discr^e time model that describes 
the converter exactly The systrm is Imean/ed about its equilibrium 
sta»e to obtain » linear discrete time model for small signal 
performance evaluations such js stability audiosusceptibility and 
transient response The analysis makes extensive use of the d'anal 
computer as an analytical too' It is universji, exact and easy to use 

I Author I 


A79 10885 • Power converter design optimization Y Yu 

F C > Le* i TRW Defense a"d S: «re Systems Group. Redondo 
Beach. Calif I. and J E Tuner (NASA Lewis Research Center 
Cleveland. Ohio) in Power Electronics Specialists Conference Palo 
Alto Calif Ju.ip If 10. 1977. Record (A79 1Q876 Q1 33) New 
York. Institute of Electrical and Electronics Engineers, Inr . 1077 »» 
104 112 11 ref* Contract No NAS3 19t>90 

Utilizing the demonstrated capability of nonlinear ptuyiamming 
algorithms a practical design optimization approach for f>owet 
converters *s •‘stabhfheri conceive a design to meet all power 
Circu't »>ertormance requirements and concurrency optimize a 
defined idnt'ty such » weight or losses In addition to facilitate a 
cost effective design the computet aioed approach provides a means 
to read 'y asses* ID the weight efficiency trade oh (2) impacts of 
converter requirements and component characteristics on a given 
design and ( 3) cpt mum power system configuration* (Author) 


A 79 10896 * The solid state remote power controller Its 

status, use and perspective G H Sundheig (NASA L»*w*s Research 

Center Cleveland Ohio) and W * Bill ngs (Weshnohouse Elector 
Corp Aerospace Electoral fhv Liu Ohio In Power E lertromcs 
Sp^oal'Sts Conference, Palo Alto. Calif June 14 16. 1977 Record 
(A 79 108/6 01 33) New York. Institute of Electric «' and Electronics 
Engineers Inc ^9*7 p 244 263 16refs 

Remote powet conbolle't (Rl'Csl a»e sol'd state devices that 
combine m one unit the capability to perform all the needed 
functions of load switching overload protection and a du # ct 
indication of whether the load »s on 01 off They provide total 
system protection of equipment and wires RPCs a’P designed to lie 
located near thi oad and commjnuate control ami status info»ma 
non remotely via low level %*gnan of a few mill watts The design arid 
operation 01 the RPC are consideird tak.ng into account the 
ope»afir«n of an RPC th» RPC powe* switch and drive circuits 
control and trgi circuits ta*i safe devices and RPC overcurrent 


protection. Attention is given to the RPC development status. RPC 
application;, and RPC per«pcct*ves. G R 


A7925118* 0 Comments on m-jasunng the overall and the 

depressed collector efficiency in TWT's and klystron amplifiers. H 

G. Kosmahl (NASA, Lewis Research Center. Cleveland. Ohio). IEEE 
Transactions on Electron Devices, vol. ED 26. Feb 1979. p 156 

Kosmahl and Ramins (1977). who reported results achieved 
with broadband, high-performance TWT's. augmei .ed wth multi 
stage depressed collectors for higher overall efficiency, have pom ted 
out the necessity tor accurately measuring and correctly defining the 
various power terms involved In view o* the now wide spread use of 
depressed collectors and reported results, the definitions o* tube and 
collector efficiency are restated ar.d comments aie provided on the 
sensitivity of these terms to various sources of experimental and 
definitional errors in order to permit a uniform evaluation of 
collector performance. G.R 


A79 • Description of A 2 3 kW power transformer 

for space applications. I Hansen (NASA. Lews Research Center. 
Cleveland. Ohio) International Electronics °atk aging Cocety Aero 
space Electronic Systems Society, ar I IEEE. Aerospace High Voltage 
Workshop. Anaheim, Calif.. Feb. 26. 27. 1979. Paper. 10 p 

The paper describes the principal features and special testing of 
a high frequency high power low specific weight (0 57 kg/kW) 
2.3 kW electronic power bansformer developed for space jpplica 
t:cns. The transformer is operated in a senes resonant inverter 
supplying beam power to a 30-cm mercury ion thruster High 
efficiency (above 98.5‘V) is obtained through carefu( detailed design 
A number of unique heat removal techn.ques are discussed which 
control the wmchog temperature using only the available conductive 
cooling S.D 


A79-42024 • Comment on the mechanism of operation of 

the impregnated tunosten r*thr»de R Forman (NASA, Lewis 
R r *earch Center Clevei-»oH r ' u Juuuw of Applied Physics. vol 
ju. Ms:. 1R79. p. 1646 1647 9 r efs 

Rwvtrnl M- !*•*: 1 ier*!s owe* 20.000 30.000 h. on 

impregnated tungsten CJthodus in tubes employing an own-type 
i.un yu" »-ouu.r iltsw cftvssicn current degradation with time 
Thu »r, contrast to those recently published by Rittnei on B type 
cathodes, run m close spaced diodes, taker, some years ago These 
more r . :ent life test results are consistent with the model suggested 
by c orman *nd disputed by Rittnei tnat the Uiium coverage on an 
impregnated cathode is less than a monolayer *01 most of its life and 
deceases with time (Author) 


A79 49526 " Fundament* 1 mechanisms that influence the 

estimate of h**t transfer to gas turbine blades R W Graham 

iNASA less s R**sea»ch Centei Fundamental Heat Transfer Sect on 
Cleveland. Ohioi American Society of Mechanical Engineers and 
Ament art institute of Cham ■ j/ Engineers National Heat Transfer 
Conference sen Onego Calif Ang 5 8 1979 Papei 1 1 p 32 refs 
Heat ! oofe* piohlerm in a nraft gas turbines required fo» 
improved pi-ilution of turbine b'ade nr vj» • gas S'de heat transfer 
ate rxammed EstimatM the heat tr.msfei horn the gas to vanes or 
rotvmg blades are unce r fait» due to the .vnplexity of the heat 
transfer pruebses since the gas hr w is three dimensional With 
complex secondary viscous flow patterns that interact with the 
endwjlis and blade surfaces in add.* on upstream distu* banr?s 
stagnation flow curvature etfect* and flow acceleration complicate 
the rheimai transport mechantms m the boundary layers The 
thermal state and flow haiarter.stirs o* the hot gases that enter the 
tu»bme tiiade row analytic.*) methods fui calculating the gas s de 
heat transfer to turbine IrUdes and flow phenomena such as 
stagnation, curvature effects acceleration secondary flows and 
transition that influences local beat transfei rat s jie discussed A T 
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A 79 49535 * 0 Condensation on a r.oncoilapsmg vapor hobble 
•ri a subcooled liquid. K J. Baumeitter and R J. Simoneau (NASA. 
Lewis Research Center, Cleveland, Ohio) National Heat Transfer 
Conference 18th, San Diego, Calif , Aug 5 8. 1979. Paper 15 p. 13 
refs. 

An experimental procedure is presented by which an estimate 
can be made of the condensation coefficient on a noncohapsirg 
stationary vapor bubble n subcooled liquid nitrogen. The present 
experimental study utilizes film boiling from a thin wiie to generate 
vapor bubbies which remain fixed to tire wire at then base. A balance 
was established between die evaporation in the thin annular region 
along the wire and the condensation in the vapor bubbles. (Author I 


N7B-14328’# Textron Bell Aerospace Co Buffalo N Y 

A THREE DIMENSIONAL TURBULENT COMPRESSIBLE 
FLOW MODEL FOR EJECTOR AND FLUTED MIXERS 

W L Rush more and S VV Zelazny Dec 1978 133 p refs 

Sponsored by NASA 

(NASA CR 159467) Avail NTIS HC A07/MF A01 CSCl 
20D 

A three dimensional finite element computer code was 
developed to analyze elector and axisymmetnc fluteo mixer 
systems who^e flow fields are not significantly influenced by 
streamwise diffusion effects A two equation turbulence model 
was used to make comparisons between theory and data for 
venous flow fields which are components of the elector system 
it (1) turh 'ent boundary layer in a duct (2) rectangular nozzle 
(free jet). (3> axisymmetnc nozzle (free |et>, (41 hypermixing nozzle 
(free iet) and 151 plane wall iet Likewise comparisons of the 
code wr’h analytical results and/or other numerical solutions 
were made for components of the axisymmetnc fluted mixer 
system These included (1) developing pipe flow (2) developing 
flow in an annular pipe (3) developing flow in an axisymmetnc 
pipe with conical center body end no fluting and 141 developing 
fluted pipe flow Finally two demonstration cases are piesente i 
which show the code s ability to analyze both the elector and 
axisymmetnc fiuted mixers Author 


N79 2Od17*0 Hughes Aircraft Co Culver City Calif Technology 
Support Div 

LIGHTWEIGHT MULTIPLE OUTPUT CONVERTER DEVELOP 
MENT 

Jack J Kisch and R M Mamnellr Dec 1978 75 p refs 
'Contract NAS3 21045) 

(NASA CR 159526 P78 683RI Avail NTIS 

HC A04/MF A01 CSCL 09C 

A high frequency multiple output power conditioner was 
deve'oped and breadboarded using an eight stage capacitor diode 
voltage multiplier to provide • 1200 Vdc and a three stage for 
350 Vdc In addition two rectifier bridges were capacihvely 
coupled to the eight stage multiplier to obtain 0 5 and 0 65 a 
dc constant current outputs referenced to • 1200 Vdc Total 
powei was 120 watts with an overall efficiency of 85 percent 
at the BO kHz operating frequency All outputs were regulated 
to three percent or better with complete shod circuit protection 
The powei conditioner component weight and efficiency were 
compared * ' the equivalent four outputs of the 10 kHz conditioner 
for the 8 cm ion engine Weight reduction for the four outputs 
was 55/ t'rams extrapolated m the same ratio to all nne 
outputs it w uld he 1100 to 1400 g'ams Author 


N79 21273*0 Westmghouse Research and Development Center 
Pittsburgh Pa 

DEVELOPMENT AND FABRICATION OF IMPROVED 
POWER TRANSISTOR SWITCHES Final Report 

P L Hower and C K Chu Jan 1979 86 p lets 
i Connect NAS3 189161 

(NASA CR 1595241 A. ail NTIS HC A05 MF A01 CSCL 

09A 

A new class of high voltage power transistors was achieved 
by adapting present interdigiteted thyristor processing techniques 
to the fabrication of npn Si hansistors Present devices are 
2 3 cm in diameter and have V sub CEO Isusl in the range of 


400 to 600V V sub CEO Isus) 450V devices were made 
with an (h sub FEMI sub C) product of 900A at V sub CE 
2 5V The electrical performance obtained was consistent with 
the predictions pt an optimum design theory specifically developed 
for power switching transistors The device design wafer 
processing and assembly techniques are described Experimental 
measurements of the dc characteristics, forward SOA and 
switching times a e iitcluded A new method of characterizing 
the switching perform anct of power transistors is proposed 

JAM 


N79 25312*0 TRW Defense and Space Systems Group Redondo 
Beach Calif 

EFFECTS OF ARCING DUE TO SPACECRAFT CHARGING 
ON SPACECRAFT SURVIVAL Final Report May Nov 
1978 

A Rosen N L Sanders J M Ellen Jr and G T Inouve 
14 Nov 1978 172 p re Is 

(Contract NAS3 213631 

(NASA CR 159593 TRW 33631 6006 RU 00) Avail N1IS 
HC A08 MF A01 CSCL 09C 

A quantitative assessment of the hazard associated with 
spacecraft charging and arcing on spacecraft systems is presented 
A literature survey on arc discharge thresholds and characteristics 
was done and gaps in the data and requirements for additional 
experiments were identified Calculations of coupling of arc 
discharges into typical spacecraft systems were made and the 
susceptibility of typical spacecraft to disruption by arc discharges 
was investigated Design guidelines and recommended practices 
to reduce or eliminate the threat ol malfunction and failures 
due to spacecraft charging arcing were summarized R t S 


N79 27397*0 Systems Science and Software La Jolla Calif 

EXTENSION VALIDATION AND APPLICATION OF THE 
NASCAP CODE Final Report 9 Sap 1977 11 Jan 1979 

I Katz J J Cassidy III M J Mandell G IV Schnuelle P G 
Steen D t Parks M Rotenberg and J H Alexander Jan 
1979 326 p refs 
ICon'ract NAS3 210501 

(NASA CR 159595 SSS R 79 39041 Avail NTIS 

HC A15/MF A01 CSCL 09C 

Numerous ex'ensions were made in the NASCAP code They 
tall into three categories a greater range of definable ob|ects a 
more sophisticated computational model and s mplified code 
structure and usage An important validation of NASCAP was 
performed using a new two dimensional computer code iTWODi 
An interactive code IMATCHGI was wntten to compare material 
parameter inputs with chaigmg results The first maior application 
ut NASCAP was performed on the SCATHA satellite Shadowing 
and chaigmg calculation were completed NASCAP was installed 
at the Air Forte Geophysics Laboratory where researchers plan 
to use it to interpret SCATHA data S E S 


N79 27398*0 Systems Science jnd Software La Jolla Calif 

NASCAP USER & MANUAL. 1978 Contractor Report Sap 
1977 Sap 1978 

J J Cassidy III Aug 19/8 257 p refs 
'Contract NAS3 21050) 

INASACR 159417 SSS R 78 27391 Avail NTIS 

HC A 1 2/ MF A01 CSCL 09C 

NASCAP fimulates the charging process for a complex obiect 
in either te' uous plasma I geosynchronous orbitl or ground tost 
electron gun source) envuonmem Program control words the 
structure of user input files and various user options available 
are described *n this computer programmers user m i.nuel RES 
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N79 28418** Science Applications Inc Vienna Va Radiation 
ano Electromagnetics Div 

FIRST PRINCIPLES NUMERICAL MODEL OF AVALANCHE 
INDUCED AMC DISCHARGES IN ELECTRON IRRADIATED 
DIELECTRICS Final Report Jul 1S78 Fob 1979 

8 L Beets V W Pine H C Hwang H W Bloomberg 0 L 
Lin M J Schmidt and D J Strickland Ma' 1979 203 p 

refs 

(Contrai l NAS3 213781 

(NASA CR 159560 SAM 02 79 0021 Avail NTIS 

HC A 10/ ME A0 1 CSCL 09C 

The model consists of four phases single electron dynamics 
single electr:n avalanche negative streamer development and 
tree formation Numerical algorithms and computer code 
implementations are presented fo’ the first three phases An 
approach to developing a code description o' fourth phase is 
discussed Numerical results are presented for a crude material 
model of Teflon Author 


A79 10880 * A general unified approach to modelling 

switching dc to dc converters in discontinuous conduction mode S 

Cuk and R D Middlebrook (California Institute of Technology 
Pasadena. Calif ,!. In Power Electronics Specialists Conference Palo 
Alto Calif June 14 16. 1977 Record (A79 10876 01 33) New 
York. In.titute of Electrical and Electronics Engineers, Inc 1977, p 
3657 13 refs Contracts No NAS3 19690 No NAS3 20102 No 
MIPR N 009S377MP09018 

A method for modelling switching converters in the discontinu 
ous conduction mode is developed, whose darting point is the 
unified state space representation and whose end .»sult is a complete 
linear circuit mode! r.nch correctly represents all essential features, 
namely, the input, output, and transfer properties (static dc as well 
a dynamic ac small signal) While the method is generally applicable 
to any ssvitchir.g converter operating in the discontinuous conduc 
tion mode it is entensive'y illustrated fo' the three common (lower 
stages (brick, boost, and buck boostl The lesults for ttiese converters 
are then easily tabulated owing to the fined equivalent Circuit 
topdogy of their canonical circuit model lAuthoil 


A 79 10888 ’ A new optimum topology switching dc to dc 

converter S Cuk and R 0 Middlebrook (California Institute o! 
Technology Pasadena Cai ( I In Powei Electronics Specahsts 
Conference Palo Alto. Calil June 14 16 1977. Record (A79 
10876 01 33) New V 0 rk Institute of Electrical and Electronics 
Engineers, Inc 1977 u 160 179 10 refs Contracts No NAS3 
19690 No NAS3 20102 No MIPR N 0095377MP09018 

A novel sw.iching dc to dc converter is presented which has th 
same general conversion proper I* (increase or decrease ol the input 
dc voltage! as does the conventional buck boost converter and which 
offers through ts new optimum topology higher efficiency lower 
output voltage ripple, reduced CWI, smaller si/e and weight, and 
excellent dynamic response One cif .> most significant advantages is 
that both input and output Current aie not pulsating but are 
continuous (essentially dc with small si . -km i.-rq used sw u h ng currenl 
npplel, thu, resulting tn a close approximation to the ideal physically 
nonreali/able dc to dr transformer The converter retains the 
simplest possible structure w*th the minimum number of gmpo 
nents which when inteiconnected in its optimum topology yield the 
maximuu performance (Author! 


performance. Analytically based design guidelines are formulated, 
and key design parameters are identified. It is shown that minimi 
jation of the forward transfer characteristics and the output 
impedance of the input filter at filte. resonance are key to designing 
an input litter lor a switching regu'ator with given output filtei 
parameters and specified line and load conditions V P 


A79 49397 * Analysis of a parallel arrayed powe- regulating 

system 3 K. Colburn (Texas A & 0 University, College Station, 
Tex I, H M Hor*on IM A S Computing. Inc., Huntsville, Alai, and 
M A Honnell (Auburn University. Auburn, Ala I IEEE Transaction: 
on Industrial Electronics and Control Instrumentation, vol I EC I 26, 
Aug. 1979. p 134 141 9 refs. Contract No NAS8 267G2 

A power regulation system incorporating n parallal power 
supplies employing PWM .wi'ching regulators is studied. Analysis of 
mdiv.dual unit operation and coupled system parameter sensitivity is 
considered from an operations viewpoint. A detailed example is 
included to illus'rate parallel system operation for 18 such units 
powered by solar-cell banks (Author) 


A79-49398 * Modeling of switching regulator power stages 

with and without jero induc.nr eurrent dwell time. F C Y Lee 

(Virginia Polytechnic Institute and State University. Blacksburg Va I 
and Y Yu (TRW Defense and Space Systems Group, Redondo 
Beach Calif I IEEE Transactions on Industrial Electronics and 
Control Instrumentation, vol IECI 26 Aug 1979 p 142 150 10 
'efs Contract No NAS3 1960 

State space techniques ate employed to denve accurate models 
for the three basic switching converter power stages buck, boost, 
and buck boost operating with and without zero-inductor current 
dwell time A qenerali.'ed procedure is developed which treats the 
continuous inductor current mode without dwell time as a special 
case of the discontinuous current mode when the dwell time 
vanishes Aprupt changes of system behavior, including a reduction 
o* the system other when the dwell time appears, are shown both 
analytically and experimentally Merits resulting from the present 
mode'mg technique in comparison with existing modeling techniques 
are illustrated lAuthorl 


A7948653 ’ Input filter design for twitching regulators F 

C L'i (Vnqinia Polytechnic Institute and State Univeisity, Blacks 
burq. Va I and Y Yu ITRW Defense and Space Systems Group. 
Redondo Beach. Calif I In NAECON 1979 Proceedings of The 
National Aerospace and Electronics Conference, Dayton Ohio, May 
1517, 1979 Volume 2 IA79 48590 21 01 1 New York. Institute of 
Electrical and Electronics Engineers, Inc , 1979, p 704 71 1 7 refs 
Contract No NAS3 20102 

A small signal average model >s de’ ved to study analytically the 
complex interaction among input filter. Output 1 r and control 
loop, which frequently causes degradation cf switch regulator 
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34 FLUID MECHANICS AND HEAT 
TRANSFER 

includes boundary i ayeis hy Jrodynamits f.utdict. mast 
trantfar and ablation cooling 

For ralatad information si*** alto 02 Aarodynamics and 
77 T haemodynamics and Statistical Physics 


N7B 10339* National Aeronautic* ano Space Administration 
lewis Mesearch Center Cleveland Ohio 
TRAVELING WAV! TUBE CiBCUIT Patent 

Dams J Connolly inventor ito NASA) Issued 3 Oct 1978 
4 p Filed 15 Feb 1977 Supersedes N77 17360 <15 08 

p 1025) 

• NASA Case LEW 12013 1 OS Patent 4 118 671 
US Patent Appl SN 768 795 US Patent Class 330 43 
US Patent Class 315 3 5 US Patent Class 315 3 6 

US Patent Class 301 82) Avail US Patent Office CSCL 09A 
A traveling wave tube ITWT) has a slow wave structure 
iSWS) which is severea into two or more sections A signal 
path connects the end of ar. SWS section to the beginning of 
the following SWS section The signal path comprises an 

• mpedance matching “cvjpler UMC) followed by an isolator a 
variable phase shifter and a second IMC The aggregate band 
pass characterise of the components in the signal path is chosen 
to reject or strongly attenuate all frequencies outside the desired 
operating frequency range of the TWT and yet pass with minimal 
attenuation in the forward direction all frequencies within the 
desired operating frequency range The isoletor •* chosen to reject 
or strongly attenuate waves of all frequencies which propagate 
m the backward direction The aggregate phase shift characteristic 
of the components m th*_ signal path is chosen to apply signal 
(tower to the beginning of the following SWS section with the 
phase angle yielding maximum efficiency 

Official Gazette of the U S Patent Office 


N7B 12341*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

OICAY OF HOMOGENEOUS TURBULENCE FROM A GIVEN 
STATE AT HIGHER REYNOLDS NUMBER 

R G Deissier Nov 19 78 15 p refs Presented at the 31st 

Ann Meeting of the Am Phys Soc Div of Fluid Dyn !.o* 
Angeles 19 21 Nov 19 78 

i NASA TM 790 1 1 E 97961 Avail NTlS HC A02/MF ACM 
CSCL 20D 

The turbulence equations are closed by specification of initial 
conditions • usmg either a laytor or an exponential senes) and 
by a modified Kovas/nay type closure Good results for large 
times are obtained only for the initial conditions closure used 
w.th four or more terms of an exponential series The evolutror 
of all of the initially specified ‘petoa can be calculate*! rathe* 
well from the theory From a fundamental stindpoml the method 
thus seems to be satisfactory Author 


N7B 12342*4 National Aerona j.ics and Space Administration 
lewis Research Center Cleveland Ohio 

ATOMIZATION OF WATER JET4 AND SHEETS IN AXIAL 
AND SWIRLING AIRFLOWS 

Robed D Ingebo | 1 9 7 7| 12 p refs Proposed for presentation 

at the 24th Ann Intern Gas Turbine Corf San Diego Celif 
11 15 Mar 1979 sponsored try the Am Soc of Mecti Engr 
NASA TM 79043 E 9847| Avail NTlS HC A02/MF A0 1 
CSCL 200 

Axial and swirling airflows were used to break up watei 
jets and sheets into spiays of droplets to determine the overall 
effects of o'tfice diarr eter weight flow of an and the use of an 
air s wirier on fineness * atomization as characterized by mean 
drop Size A scanning r«d*omete' was used to determine the 
mean drop diameter of each sprat Swirling a 'flows ware 
produced with an axial combustor 70 deg btske angle a" twining 
Wate* jets were m|#cted anally upstream axially downstream 
and cross stream into the airflow In addition pressure atomizing 
fuel nozzles which produced a sheet and ligament type of breakup 


warn investigated Increasing the wetghi flow rate of air or the 
use of an air swirling markedly reduced the spray mean drop 
size G G 


N74 132BB* National Aeronautic* and Space Administration 
Lewis Research Center Cleveland Ohio 

HI AT EXCHANGER Patent 

Daniel E Sokofowskt inventor Ito NASAI Issued 22 Aug 1978 
6 p Filed 19 Mei 1975 Supersedes N75 19579 113 11 

p 12441 

(NASA Case LEW 12252 1 US Patent 4.107 919 
US Patent Appl SN 559847 US Patent Class 165 169 
US Patent Class 60 267 US Patent Class 239 127 II Avail 
US Patent and Trademark Office CSCL 200 

A heat eichsnger as exemplified by a locket combustion 
chamber is constiucted by stacking thin rnotal rings having 
microsrzed openings therein et selective locations to form cooling 
passages defined by an mnei » all an outei wall and fins Suitable 
manifolds are provided et eaci. end of the rocket chamber In 
addition to the cooling channel openings coolant feed openings 
may be formed in each of nng* The content feed openings 
may be nested ar positioned within generally U shaped cooling 
channel opemrgs Compression on the stacked ring* may be 
maintained by welds oi the like oi by bol.a extending through 
the stacked rings 

Official Gazette of the U S Patent end Trademark Office 


N7G 132M* National Aeronautics and Spaca Administration 
Lewis Research Canter Cleveland Ohio 

HEAT EXCHANGER AND METHOD OF MAKING Patent 

Anthony Fortini and John M Kazaroff inventors Ito NASA) Issued 
22 Aug 1978 5 p Filec '9 Mai 1975 Supersedes N75 195BO 
113 1 1 p 12441 

(NASA Case LEW '2441 1 US Patent 4 108241 

US Patent Appl SN 559846 US Patent Class 165 146 

US Patent Oass 165 169 US Paiant Oats 60 267 

US Patent Oass 239 127 II Avail US Patent and Trademark 

Office CSCl 200 

A heat exchanger o* increased effectiveness is disclosed A 
porous metal matrix is disposed in e metal chamber O' between 
walls through which a heat transfer fluid is directed The porous 
metal mslni has internal bonds and is bonded to the chamber 
in order to remove all theimal contact lesistance within the 
composite structure Utilization of the invention in a rocket 
chambei is disclosed as a specific use Also disclosed is a method 
of constructing the heat exchange! 

Official Gazette of the U S Patent and Trademtik Office 


N79 15267*# National Aeronautics and Space Administration 
lewis Research Cental Cleveland Ohio 

SOME HEAT TRANSFER AND HYDRODYNAMIC PROS 
LEMS ASSOCIATED WITH SUPERCONDUCTING CARIES 
ISPTL) 

Robed C Hendricks David E Pa' ey IN8S Bouldei Colo I V 
M Yaroshenko I Krzhizhanovsky Power Inst Moscowl Ye V 
Kuznetsov (Krzhizhanovsky Powei Inst Moscow 1 snd 0 A 
Shevchenko i Krzhizhanovsky Power Inst Mosow) 1978 28 p 
rets Presented at the US USSR Comm tor Super conducting 
Power Transmission Upton NY 5 6 oct 19 78 
NASA TM 79023 DOE NaSA 0207 78/ 11 Aveil NTlS 
HC A03 Ml A01 CSCL 200 

1o study some effects of thaimogrevitation on tClIK SPTII 
systems a heated tube experiment was sal up at Krzhizhanovsky 
Powe' Engineering Institute Moscow USSR Heat banste’ data 
wet taken with fluid helium flowing through e 2 85 m 19 mm 
diameter uniformly heated horizontal tub* Ttmpe'elu'es were 
measured on the tup and bottom of tire tube at six anal locations 
with thiar other circumferential rneasu>emenls made at 
IX/LI 57 Typical temperature profiles show significant 
variation* both axially and encum la ieri tially The data are 
grouped usmq 'educed Nusselt numbe' NuR and the bulk 
expansion parameter foi eac* axial location The e.e'age data 
for 0 26 less then or equal to X l less If an nr equal to 0 76 
follow a powe 1 law relation wth the average expansion pa'amete' 
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System instabilities are noted and discussed Future wo»k 
including Seat ’ransfe* m coastal cylinders is discussed Author 


N79 18288*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

TACT 1 A COMPUTER PROGRAM FOR THE TRANSIENT 
THERMAL ANALYSIS OF A COOLED TURBINE BLADE OR 
VANE EQUIPPED WITH A COOLANT INSERT 2 PRO 
GRAMMERS MANUAL 

Raymond E Gawgie* Jan 1979 164 p refs 

(NASA TP 1 j 9 1 E 9767) Avai’ NTIS HC A08. MF A01 CSCL 

20D 

A computer program to calculate transient and steady state 
tempeiatu'es pressures and coolers flows in a cooled asial flow 
turb ne blade or vane with an impingement insert is described 
Coolant side heat transfer coefficients are calculated internally 
in the program with the user specifying either impingement or 
convection f eat transfer at each internal flow station Spent 
impingement air Mows in a chordwise direction and is discharged 
through the trailing edge and through film cooling holes The 
abtl ty of the program to handle film cooling is limited by the 
internal flow model Input to the program includes a description 
of the blade geometry coolant supply conditions outside thermal 
tioundary conditions and wheel speed the blade wall can have 
two layers of different materials such .*s a ceramic thermal 
barrier coating over a metallic substrate Program output includes 
the temperature at each node the coolant pressures and flow 
rates and the coolant side heat transfei coefficients Authoi 


N7B 20341*1 National Aeronaut js and Space Administrate' 
Lewis Research Center Cleveland Ohio 

FLOW FRICTION OF THE TURBULENT COOLANT FLOW 
IN CRYOGENIC POROUB CABLES 

Robed C Hendricks V M Ve»o*henko (Krzhizhanovsky Power 
Eng Ins* I l I Zaichik (Krzhizhanovsky Power Eng Inst I and 
L S Yanovsky (Krzhizhanovsky Power Eng Inst) 1979 18 p 

refs Proposed for presentation at the 15th Intarn Congr on 
Rafngeratio n Venice 23 29 Sep 1979 sponsored by Inte- 
Inst of Refrigeration Prepared for DOE 

(NaSA TM 79052 DOE/ M A SA/0207 79/1) Avail NTIS 
HC A02/MF A01 CSCL 200 

Considered are cryogenic power transmission cables with 
porous cores Calculations of the turbulent coolant flow with 
infection or suction through the porous wall art presented within 
the framework of a two layer model Universal veiocr'y p<oMe* 
wt'o obtained for the viscous sublayer anc flow core Integrating 
the velocity profile the lew of Mow friction in the pipe with 
infection has been derived fo« the case when there is a tangential 
infection velocity component The effect of tangential ve'ooty 
on the relative law of flow friction is analyzed The applicability 
of the Prandtl model to the problem under study ts discussed 
It is shown that the error due to the acceptance of the model 
increases with the infection parameter end at lower Reynolds 
numbers unde* these circumstances the influence of convective 
terms in the turt>u!ent energy equation o*' the mechanism of 
turbulent transport should be taken into account Author 


N79 2033B* Nc ••oriel Aeronautics and Dpece Administrate' 
lewis Research Car. ter Cleveland Ohio 
CLOSE 0 LOOP Sf RAY COOLING APPARATUS Patent 
Donald L Atge* A'Miem B Schwab Mid Edwaid R Furman 

• rvantors 'to NASA' 'ssued 27 Feb 1979 4 p fiieu 31 A >y 

1977 Su(>ersedet N*? 32434 115 23 p 3075' Division of 

US Potent Appi SN 672220 filed 31 Me- 1976 US 'etenl 4 
068 495 

• NASA Case LEW 1198 '. 2 US Patent 4 141 22 i 

US Pitent Appi SN 829315 US Patent Class 32 5 14M 
US Patent Class 62 268 US Patent Class 62 376 
US Patent Oas* 250 352 US Pate >t Class 313 <2 
US Paten* Class 313 35 US Paten: Appi SN 6/2220 
U5 relent 4 068 4S5 Aveil US Patent and Trademark Office 
CSCL 200 

A closed loop apf-a'ai j* for jet sp'eymg coo'e"* agamst the 
beck of a radiation target is described The loo. ant is .rcoieten 


through a closed loop with a bubble of mart gas being maintained 
around the spray Mean malenal is disposed between the bubble 
and the scdace of (he liquid coolant which is below the bubble 
at a predetermined lave. In a second arrangement no mart gas 
is used the bubble consists of vapor produced when the coolant 
is sprayed against the ta yet 

Official Gazetta of the U S Patent and Trademark Office 


N7B 20337*| National Aeronautics and Space Administration 
Lewis Research Centar Gaveland Ohio 

BOME EFFECTS OF CYCUC INDUCED DEFORMATION IN 
ROCKET THRUST CHAMBERS 

N P Mannum and R J Quentmeye* 1979 15 p refs To be 

prase, ted at the Conf on Advanced Technol for Future Space 
Systems Hampton Va 8 11 May 1979 sponsored by AIAA 
(NASA TM 79112 E 9939) Avail NTIS HC A02/MF ACM 
CSCL 20D 

A test progi.im to investigate the deformation process 
observed m the hot gas wall of *ocket thrust chambers was 
conducted using three different liner materials Five th- >it 
chambers were cycled to failure using hydrogen and c »yy,en as 
propellants at a chamber pressure of 4 14 MN/m squ»e 1600 psral 
The deformation was observed nondestructive^ at midi* • «* points 
and destructively efier failure occu’red The cyclic life results 
are presented with an accompanying discu? sion about the types 
of failure encountered Data indicating the deformation of the 
thrust chamber liner as cycles are accumulated are presented 
for each of the test thrust chambers Author 


N7B 20338*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ON THE EQUIVALENCE BETWEEN SI M IE M P IR 1C A l 
FRACTURE ANA 1 TStfc AND R CURVES 

Thomas \A Orange 19 79 34 p ref* Presented at the 12th 

Natl Symp or. Fracture N.ech St Louis 21 23 May 1970 
sponsored by the Am Soc For Testing Watei 
i NASA TM 79127 E 99631 Ava>l NTIS HC A03/MF AOl 
CSCL 200 

The relationship between several sem. empirical fracture 
analyses • SE F A) and the R curve concept of fracture mechanics 
is examined The cond'tioot for equivalence between a SEFA 
•nd an R curve are delved A hypothetic#! malenal is employed 
to study the relationship analytically Equivalent R curves a>e 
developed for real materials using data from the literature For 
each SEFA there is a< equivalent R curve whose magnitude 
end shape are date. mined by the SEFA formulation and its 
empirical peramete s If the R curve is indeed unique then the 
various empirical parameters cannot be constant and vice versa 
However to* one SEFA the differences are small enough that 
fl ey may be within the range of normal data scan#' real 
materials J M S 


N78 20348* 0 National Aeronautic* a no Space Administration 
lewis Research Center Cleveland Ohio 

FUNDAMENTAL MECHANISMS THAT INFLUENCE THE 
ESTIMATE OF HEAT TRANSFER TO GAS TURRINF 
BLADES 

R A Graham 19/9 13 t *fs To be presented at the Natl 

Heat T'ansfe* Conf Sen Diego CaM 5 8 Aug 1979 cosponsored 
by ASME and th* Am Inst of Chem E ngr 
• NASA 1M 79128 l 9966 Avail NTIS HC A02/MF A01 
CSCl 2 If 

Estimates of the heat transfe* from the gas to stationary 
(vanes! or rotating blades poses a major uncertainty due to the 
compteaity of 1ft# heat transfer processes The gas Mow through 
th#-** blade rows is three dimensions: with comple* secondary 
viscous Mew patte« ns that interact with the e 'dwell* and blade 
surfaces In addition upstream disturbance* stagnation Mow 
curvature effects and Mow acceleration complicate th# thermal 
transport mechanisms m the boundary layers Some of these 
fundamental ‘»ea* transfe effects err discussed The chief purpose 
of the dit ..ssion is tu acquaint those m the r-«ef transfe 
comm. t v not directly -nvolved tr yes turbines of tne seriousness 
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ol fhe problem »nd to recommend lomi basic research that 
would improve the capability tor predicting ga* tide heat trentfer 
on jrbme bladet end vsnet L S 


N79 21313** National Aeronaubct and Space Administration 
Lewis Research Center Cleveland Ohio 

A HEAT EXCHANGER AND ' METHOD OF MAKING Fstwt 
Application 

A Fortini and John M Ka/aioft inventors (to NASA) Filed 
30 Nov 1977 14 p 

(NASA Case tEW 12441 2 US Patent Appl SN 8584621 Avail 
NTIS HC A02/MF A01 CSCl 200 

A heat eachanger ol increased effectiveness is described A 
porous metal matria is disposed in a metal chamber oi between 
walls through which a heat transfer fluid is directed The porous 
metal matna has internal bonds and is bonded to the chamber 
in order to remove all thermal contact resistance within the 
composite structure A specific use is to provide a method of 
making a rocket chambei with maaimum heat t ansfer at the 
throat area where inner wall temperatures are ttie highast 

NASA 


N79 22416** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INTRODUCTION THERMAL RADIATION IN INDUSTRIAL 
FLAMES 

R Siegel In V on Kaiman Inst lor Fluid Ovn Thermal Radiation 
in Ind Flames 19 7 t 72 p >efs (For primary document see 

N79 22413 13 341 

Avail NTIS HC. A 4 4 MF ACM CSCL 200 

The following opics aie addressed ill emissive characteristics 
of a black body (2' definition of properties (or nonblack surfaces 
1 3 1 fundamentals of radiation in absorbing emitting and skittering 
med .t 4 radiation in the piesence of otha' modes of energy 
transfer and I5i propagation in isotiopic medium Itho complen 
rebarbve mdeal G Y 


N79 22426* a National Aeionautics and Space Admimsbat.on 
lewis Research Center Cleveland Ohio 

TITANIUM ALLOY METALLIC ELUID HEAT PIPES FOR 
SPACE SERVICE 

James F Moms Mai 19 79 1b p refs 

(NASA TM 79132 f 99741 Avail NTIS HC A02 MF A01 
CSCl 20D 

Reactivities of titanium limit its long term tanestnal use for 
unprotected heal pipe envelopes to about 870 K 11100 II But 
this eitrma! Iheimochemital limitation disappears when c< nsnl 
cations shift to spai e applications In such hard vacuum utrlir ititn 
much higher operating tempe>atu'es aie possible Pnn ar i 
lestrictiors in space environment lesult from vaporisation 
the'mal creep and internal compatibilities U nfortunaleiy a 
respected bead pipe 'ele'ence 'dirates that titanium is compatible 
only with i-vum bum the alkali metal working fluid family This 
problem and others are sublets ol the pie rent pape which 
advm ates 'tenium alloy metallic fluid heal r es tor long .ived 
weigh! effect ivr space service between 500 and 1300 K (440 
and 188(7 FI Authoi 


N79 22427*e Nahona Aeronautics and Space Administration 
Lewis Rest aich Center Cleveland Ohio 

REVIEW AND STATUS OF LIQUID COOLING TECHNOLOGY 
FOR GAS TURBINES 

G James VanFpssen u and Fiancis S Stepka Washington 
Apr 19 79 31 p iels 

NASA TP 1038 l 9b ’ 7 A . I kDCOM T R 7B 2 1 1 Avan NTIS 
HC A03 Mf A0 1 CSCl 20D 

A review was conducted of liquid cooled turbine techno! 
ogy Seiei ted liquid cooled systems and methods are presented 
along with en assessment of the Cu'rent technology status and 
'equuemei'ts A comprehensive bihhogiaphy is presented Authoi 


N79 233T3*# National Aeronautics and Space Administration 
Lewis Ra na'ch Center Oeveland Ohio 

A HEAT EXCHANGER AND METHOO OF MAKING Patent 
Application 

A Fortini and John M Kszaroft inventors (to NASAI Filed 
23 Apr 1979 <4 p 

INASA Case LEW 12441 3 US Patent Appl SN C32307i Avail 
NTIS HC A02/M' A01 CSCL 200 

A heat eachengei of increased effectiveness is disclosed A 
porous metal metro, is disposed in a metal chamber or between 
wiMs through which a heat t-ansfer fluid is directed The porou< 
metal matna has internal bonds and it bonded to the chambei 
in order to remove all thermal contact resistance within the 
composite structure Utilization of the invention in a rocket 
chamber is disclosed as a specific use Also disclosed is a method 
of constructing the heat aschangnr NASA 


N79 23384*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MEASUREMENTS OF MIXED CONVECTIVE HEAT TRANS 
FER TO LOW TEMPERATURE HELIUM IN A HORIZONTAL 
CHANNEL 

V M Yaroshenko (Krzhizhanovsky Powei Eng Inst I Ye V 
Kuznetsov IKizhizhanovsky Powei Eng Inst I 0 A Shevchenko 
(Krzhizhanovsky Row*' Eng Inst i Robed C Hendricks and D 
E Dane-/ INBS Bouldei Colo I 1979 16 p iels Proposed 

tor presentation at the 15th Intern Congr on Refngeiation Venice 
23 29 Sep 1979 aponsn ed in pad by the Intern Inst of 
Refrigeration Sponsoi id bv NASA Piepaied lot 00E 
INASA 1M 79158 DOF/ NASA/0207 79/3 E 0141 Avail 
NTIS HC A02/MF A01 CSCL 20D 

A bonzontal 2 85 m long 19 mm id stainless steel heated 
circular channel was employed to measure coefficients of heat 
trsnsfet to low temper jture helium flow fipenments! parameters 
range from 5 5 to 15 K from 0 12 to 03 MPa at heat flukes 
up to 1000 W/m square and Reynolds numbers from 9 000 to 
20 000 A significantly nonuniform distribution of heal tiansfei 
coefficients over the tube periphery is obssived Difference 
between tempeiatu'es on the upper and lows' surfaces of the 
stainless steel channel wall was found to reach 9 K It was 
noted that the highest terr.pe'atu’e on the wall outer surface is 
displaced bom it, uppetmost point Measurements of local flew 
tempeiafuies revealed vortical structure of the flow The 
displacement of the point with the highest lempeiatuie is 
attributable to the effect of vomces The ’elabonshipe foi 
calculating local and averaged coefficients of best transfer aie 
proposed Author 


N79 2 7480* • N. *ional Aeronautic* and Space Administration 
Lewis Research Canter Cleveland 0h»c 

SOME FLOW CHARACTERISTICS OF CONVENTIONAL ANO 
TAPE MED HIGH PRESSURE DROP SIMULATED SEALS 

R C Mendnck* 1979 18 p To he piesented at the 

Joint lubrication Conf Dayton Ohio 16 18 Oc t 1979 sponsored 
by Am Sot of Lubrication l ng» and ASM! 

(NASA TM 7919? f 064i Avail NTIS HC AOi Mf A01 CSJl 

20D 

The leak 'ales through shah seals with large pressure drops 
were simulated using gateous hydrogen Of nitrogen Towing 
through an annulus with 4 nonrotating centerhody The flow* 
were choked Tor concentr r or eccentric position of the rotor 
and parallel or convergent tapered flow passages data ar*d analysis 
revealed that mass flu* or leak rate can be determined from a 
relation whose normal /ing parameter* depend on the thermody 
uamre critical constants of the working f1 u »d and an average 
flow a'ea expressed m terms of the inlet and ext cross sectional 
areas Using These normalised relations the flow data for parallel 
and three convergent tape-rd shah seal configurations are in 
good agreement Gttneral'/alion to any simple gas 01 gas muture 
is impliad and demonstrated Author 
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N79 27491*| National Aeronautics and Space Aiimmur ji«on 
Lewis Research Ontff Cleveland Ohio 

CONOE N SAT l ON ON A N0NC0LIAP8ING VAPOR RUBBLE 
IN A SUBCOOLED HOUID 

Kenneth J Baumenter and Robert J Stmoneau 1979 17 p 

refs Prepared for 18th Natl Meat T*an*fe» Conf San Diego 
Cal*! 6 6 Aug 1979 

iNASA TM 79712 E 098' Ava.l MTlS HC A02, ME AOl CSCL 
20D 

An a ape *i mental procedure if presented by which an estimate 
can t»e made of th»* condensation coefficient on a nom ollpotmg 
stationary vapor but>bla in subcooled liquid nitrogen Film boiling 
from a thin wire was u«ed to generate vapor hubbies which 
remain fued to the wire at than base A balance wa~ established 
oat wean the evaporation in the thin annular region along the 
wire and the condensation m the vapor bubbles J M S 


N7B 29467* • National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Oh»o 

CONTOURED TANK OUTLETS FOR DRAINING OF CYLIN 
DRICAL TANKS IN LOW GRAVITY ENVIRONMENT 

Eugene P Symons Jul 1979 46 p 

NASA TP 1492 E 9969' Avail NTiS MC A03 Ml A01 CSCL 

20D 

An analysis is presented for defining the outlet contour of a 
hemispherical bottomed cylindrical tank that will prevent vapor 
ingestion when the tank is drained The analysis was used to 
design two smell seek tanks that were fabricated and then tested 
in a low gravtv environment The draining performance of the 
tanks was compa ed wth that fur a tank with a conventional 
outlet having a constant circular cross sectional area under 
identical condit ons Even when drained at of* design conditions 
the contoured lank had less liquid residuals at vapo' ingestion 
than the conventional outlet lank E Mints of outflow rate 
gravitational environment and fljid properties on the outlet 
contour a'* discussed Two jKrtential applications of outie' 
contouring a’e also p eser-.ted and discussed K L 


N?9 29468* • National Aeronautics and Space Administration 
lewis Research Cente’ Cleveland Ohio 

TWO PHASE CHOKEO FLOW CF CRYOGENIC FLUIDS IN 
CONVERGING DIVERGING NOZZLES 

Robert J Simoneeu and Robert C Hendricks Jul 1979 83 p 
»efs 

1 NASA TP M84 l 9669 Ava-I NTlS HC A05 ME A0 1 CSCL 

20D 

Data are presented for th»* two phase choked how of three 
cryogenic fluids nitrogen methane and hydrogen m four 
converging diverging nozzles The data cove* a 'inoe of inlet 
stagnation conditions all single phase from well be ,w to well 
above the thermodynamic mitcal conditions in almost all cases 
the nozzle throat conditions were two phase fhe results indicate 
that the choked flow rates were no! very sensitive to nozzle 
geometry However the anal -ssure profiles especially the 
throat pressure and the point o f vepo saPix were ver« sensitive 
to both nozzle geometry and ope'C.tng » c>rK*ibon* A modified 
Henry E auske model co 'elated all the choked flow rate data to 
wifhm or 10 percent Neither the equilibrium model nor 
the Henry f auske model predicted throat pressures well over 
the whole range of deia Above th# thermodynamic critical 
temperature the homogeneous equilibrium model was preferred 
fo' both flow rate and pressure stio The data of the three 
flu'ds could t*e norma* /ed by the principle of corresponding 
states K L 


N79 30616*# N aticmai Aeronautics and Spate Administration 
Lewis Research Cente. Cleveland Otvo 

APPLICATION OF THE PRINCIPLE OF SIMILARITY FLUID 
MECHANICS 

R C Nendencks ar*d • V Sengert Md Univ College Pa'ki 
1 9 TO 49 p rgft 

NASA TV 79268 £ 170 Avail NtlS HC AC3 ME AQ1 CSCL 

200 

The principle of Simi'anty applied to fluid mechanics is 
desenber. and illustrated The coni ept of transforming fhf 


conservition equations by ccmbmir.g s-milarity principles for 
iherr ophysical properties with those for flu d flow is e.mmned 
The usefulness of t**e procedi re is illustrated by applying such 
a transformation to calculate two phase critical m^ss flow through 
a nozzle AWN 


N79 30619*1 National Aerc neubc and Space Administration 
Lawis Research Center Oeveiand Ohio 

DESCRIPTION AND ORBIT DATA CF VARIABLE 
CONDUCTANCE HEAT PIPE SYSTEM FOR THE COM 
MUHICATIONS TECHNOLOGY SATELLITE 

Louis Gedeon Aug 19 79 23 p refs 

iNASA TP 1465 E 9880) A ail NTlS HC AO? ME A01 CSCL 

20D 

A variable conductance h sat pipe system IVCHPS) with 
methanol as the working fluid *nd a nitrogen and helium mulure 
as thv control gas was used for the therm*’ control of a 700 W 
RE tri velmg wave tube of the Communic ation Technology Satellite 
Three tamless steel heat pipes lone redundant' ami a- aluminum 
radiator were designed to transfer 196 walls for ar evaporator 
temperature of 60 C The system has operated for three years 
with no noticeable change in perf vmant e On four occasions 
the heat pipes apparently depumed A short t.me after reducing 
the tube power the heat pipe* repnmed and the systen < ontmued 
to operate normally The description qualification test ~(j and 
orbit date of the VCHPs are presorted * L 


N79 31626*# National Aeronauts .»nd Spate Administration 
Lewis Research Centei Cleveland Ohio 

FREE JET PHENOMENA IN A 90 DEGREE SHARP EDGE 
INLET GEOMETRY 

R C Hendricks 19 79 30 p »efi Presented at Intern Cryogenic 
Engr Conf and *he Intern Cryogenic Materials Conf Madison 
Wi» 21 24 Aug ’979 sponsored by NBS 
NASA TM 79229 E 1311 Ava.l NTIS HC A Q3 ME AU1 CS l 
200 

Under certain c wdibons inlets w th a sharp edge or geometric 
corner were shown to exhibit Sufficiently strong separation eht" ts 
10 permit the working fluid to flow fhioogn the duel as if <t 
w em a free ;et Mass (•mitmg flov, data and associated pressure 
profiles fo» t »bes of 53 64 73 and 105 length diameter wth 
a 90 deg sharp edge or orifice type inlet were taken and compared 
to Borda type inlet data to determine bounds of the free iet 
phenomena Fo» smooth ti.bev the limits appear to be one 
dimensional and dependent only on mlet stagnation conditions 
Similai free iet effects were found for fluid hydrogen indicating 
that fluid lettmQ may common to all fluids flowing through 90 deg 
sharp edge mitt geometries Author 


N 79 31 627* • National Aeronautics and Spare Administration 

Lews Resea»ch Center Cleveland Ohio 

A REDUCIO VOLUMETRIC EXPANSION FACTOR PLOT 

H C E'endnckl 19 79 29 p -efs Presented it Cryogenic 

E r»gr Coni and the Intern C'yoyerm Materials Conf Mad iso 
W.s 21 24 Aug 1979 

NASA TM 7 9740 f 148 Ava-l NTIS hC A03 ME A01 CSCL 
200 

A r#du ed volumetric expansion factor plot was .Obstructed 
tor simple fluids which % Suitable fur engineer ny computations 
in he jt transfer Volumetric etpan.ion tutors we-, found -seful 
in correlating heat transfer data ove« a wide anye uf upe*at "y 
conditions ni luding liquids ga .es and the nee* critical regip' 

G v 


A79 *••*?• * Decay uf homogeneous turbulence from a 

91 >en at ii»yha« R ;ynold» numbei R G Drusler NASA l • -v s 
Research Canter, Cleveland Ohi*. A rtrri at PhyfiLSi Sotrefy 
Anrtutt Afref/zig lift i Uf Angein jl * \u» 19*1 t'i’B Paf*" 

14 p 8 reft 

Tf»e tu f bul'.*nce equations a»* dosed I y ‘.pec tuation of "dial 
Conddiunt I u* ovg ritfcei j T j » I • < l»» a- tspc - u nt al m ev a d by *1 
mod'f'*- 1 K'/vat/nay tvP* d"\urr Good *esu"s fu' 'j yt ’ nies are 
obtained nly fo» the irut al corwl't oris lIuvut used wdf- tour ui 



mrm terms of an exponential sene* The evolution of all of the 
initially specified spectra can hr calculate »>»hr! * % !i irom the 
theory From a fundamental standpoint the method thus seems to he 
satisfactory (Author) 


A 79 77424 • Comoar r-on of ■ ewrrftettcs? Tsrrr* u^ntru cia 

sure for decaying homogeneou. turbulence with experiment R G. 

Deistler (NASA. Lewis Research Center, Cleveland. Ohio) Phys» $ nf 
fini‘ 1 % aof 7? Jan 1878 i> 1 R 6 186 11 rafi 

Turfmltnre »♦ -cay is calculated try uiinQ experimental initial 
condition* and discarding quadruple correlation term* in the corrala 
non equations Aqreemert w»*h experr.ient is good only for 
moderately %r? tail IhiI itierr are r»n perceptible negative street' jl 

energies even at large timet ( Author) 


A 79 JOS 56 * Atomi/ation of -.vater lets and sheet* it; axial 

and swirling airflows R D Inqetir (NASA i r* .s Research Cent.* 
Gm-iiru', Ohio) 4 mere an Satiety of M*\ harucel Engineers Get 
Turbine Conference end Exhibit anti Solar Enemy ('cn/erent e San 
Diego. Cal it . Afar !? 1b 1379 Pern. 79 UT 170 10 p 

An al and ‘.v.<!--ig airflows were cved to break up water jets a»xf 
sheets nfo .prays of droplets to determine the overjll effects of 
orifice diameter weigh! flow o* a'» and *hr use of an ai» swi»le» on 
fineness nf .itomi/at iun as char art en/rd by mean iliop si/e A srari 
rsing ij<1iometrr was used to determine fie 'near' drop diameter of 
earh spray Swirling airflows were pr< rt . ic rd with en j-.il combustor, 
70 rleg blex* .ingle jir sw r lmg Water jf t s wen- miecied am ally 
upstream. axially downstream and cross stream into the airflow In 
jrMituin pressure jtumi/mg furl '*»//l**\ which jeoduced a sheet and 
I- lament lv|w? uf breakup were in* ml .g ated IfWireeS ?ry the wriQht 
♦li«w iate of air nr the use of an air swirling markedly i.-luced the 
spiay mean drop s*/r Test cord lions included d watr- * !<•«. H . 

C*H 0 liter p**r hour and an flow *at*-s (pei ’ ar»j| of 3 7 to 76 7 y 
l"-r Square cm |r- sec if 79 J K a»H' me? a>< .1*1 ir pi eytill es f 1 01 
• 10 t, the 6th to 1 9C * 10 to the 6th N iq m (Author) 


A 79 37140 * Scattering and distortion of th« unsteady 

motion on transversely sheared mean flows M t Goiriste o NASA 
lew Research Outer Cleveland Ohml J-hirnaJ nf fluid Wei tun 
. s vnl 91 Apt 77 1979 p mi 63? 70 »e»s 

It s show that the press ..re .» 1 v 'ncify flpi tuat ms u* the 
vj' sti ady fr »i ‘ nr' a 1< amv<*i\«*t v sheared mean ' - w can ts* 

* •pressed e tueiy i terms the iter w .r ve\ >1 two potential 

' oil. ins »• * •' ttiese • i .•!«(' if |u.»- f t » f-a! i art !* \per herf 

a' a »u‘ »la' « 1 *> »il*tne« a»*«l • ■ »na t**il ti » i t ' ji . v»- • • >»np« < »f 

the up*iream we-m -fy # I T hr qlrer i art tv -tr tenoned liv solvuiq 
a' ■ ••nhiiKjr • i ou. wan rytuitiur wh.tse i.uiitr t »*m \ als< a 

> i »• j' «a'd r v d'j! > at In \|e-i d.ed is a iMiundu' y : i meldin' ’ n 

i 1 * j *• trlern I he ur- r-a 'heiry n vised to s*udy the 
• • »« •- •• ' j' jmtearty finw w rr. i \r»»> - * »> h plate emtir«|i)ed 

a s lira Irtv'" 1 r, e .k- r.* - field priet.iCrtf tr« tfr-s •-de>.»ct '>o is 

• a 1 at'll • »*ie l.n *> . 4 JI,.; »• |t « f'equem t The >r% ■ jf f - |ff 

i'.i * j /, »t Hi|y.iinii'-la • e d ' ■ amd pres * ‘e*el 

nt.lt •• |ijtt* . ft.* aU*«en»M i « . H | • H . Hlr' » r\|K> t »l!y 

fft* -w ' ••'|o* y a 1 ge wh»-* r rhr mean ”, * ir>d ■ onu-i t«ve 
•' t* a* %t» • luv « sf -eii| ' * . t • if i a • fiii l.rei * » ty if tor 

. ii* d l^utf rvl 


A 79 46463 * TurtKdancv gerrerated by tfw interaction of 

entropy f luctuat'ons wfh non uniform moan flows \* t- *e - 

NASA i • w Resea * *’ C e»dr • •eyeiai'fl ‘ t* 1 / ••• *i * f Inuj 

\*et harms . - MJ .1 . v ?♦ Id 'M p 709 ??4 ?0 *eh 

The r.ptmle i r jmf-atett f , • ^*si ♦ - e'-'' p» * . r j* »• k* 

a- i He*af 'i-| C i-c* ar a * .'eit T h« -rv Ts fda et »•, irt • ^ 

• ail'd it It -It •• if'eoiy l i|r * I - »• f ,» f l'i>.j..oi, vu' " ** 

(irev>ous>y 1 r*e .|»ert Wase rqi a' gr.ive** s rr»r >«'j » t . u- 

ins trad* v to H* " I e»* f 1 1 *| i > • s tr a-t« in .lei • a ' * s 

iGllldSteir 10*H eipir -r% , • ,ve d'«4 *'er| tp# the a\e if 


symmetric contraction, evparmon or cnmbinah.>n of the two It is 
shown that in* energy nf the entropy generate turbulence mcreeser 
more rapidly with the contraction retio of a subsonic flow than thr.t 
nf any imposed upstream turbulence this tesult indicates that t'se 
entropy generated turbulence may lie more significan* *han the 
hydrodynamirady generated turbulence in the nnbmc Staves ot 
aircraft e^sne, S O 


A 79 41*326 * rundemen'al mechanisms that influence the 

estimate of heat (tamfer to gat fi (bine blades R W Graham 

(NASA lews Reseach renter. Fp* lament a heat Transfer Section. 
Cleveland Ohio! American So- n?ty of Me* * amr*/ Engineer- end 
Amenrjtt institute of Chem-cef Engineers, \ 4 tmnai Hest 1 renter 
c.pnferem e Sen Oiego. C*'if Aug b8 19/9 t\>per 11 p 3? »ef* 
Heat tranler problems in aircraft gas Hi. ne». required *or 
•mproved pretfx tin’s of ttirhin* blade n vanr y ( s*de h»at transfer 
are examined 1st mates of the hea’ p • '•.?<*» from the gas to vanes or 
intatmg Oladrs are prsccrtein dut to the . nmplexdy of the hr at 
Tiindt processes Since the gas flow is three dimensional With 
comnlev s*Kondary viscous flow patterns ttiat intrrac* w-th the 
endw.'Hs snef tilarfe su. faces In addition upMrejm disturbances 
'taqnation flow cur vatu f r effects and flow acceleration complicate 
the tl - mjl tra'>\pn<t »'*echuniym* >n the tmundaiy layc • The 
thermal state and flow < haracter sties of the hot gases that enter the 
turh'ne bljde nw analytical methods for ralculafmg the gas s*de 
heat transfer to turbine hi .tdes and flow phenomena such as 
stagnation curvature effects arrelefation secondary f*..vs and 
transition that nfluence* local h»-.p r».»n%ter rates are discussed A T 


A 79 49635 * Condensation on a narvollapsmy v gtor bubble 

•n a subcooled liquid K J Baumeister ar»ri R J Simi i.j (NASA, 
lewis Research Canter. Orve'end. Ohio) A iation.*/ f*ret Transfer 
ii. r IS fh 'yin Diego Calif Aug 5 8 1579 Paper 5p * J 

rets 

An experimental procedure s presr.**ed .*v which jr t .tirnate 

can be made of the condensation coefficient on 'col'apsing 

flationary vaitor hutible *n tutKonlrd liquid r.itrogen The present 
• » |M*rimi*ntal ;fudy ut ii/»*s film tmilinq from a thm wire to generate 
vj|»nt bubbles vtucb rrmair fi vrd to tt»e wnr at tbe r Imsp A balance 
was established tn-twrf" the evaimration in ttie thin annular region 
along the w «nd the conrlensatiun in t*.e vapor Ixihhles (Author) 


N 7f United Tec’v ot ogres Research Center fast 

Hartford Conn 

OtVtlOTMINT Of A THRU DIM* NtlONAt TURRUlf NT 
DUCT FLOW ANAIY6I6 fuel R^kkI 

P R freeman R levy H McDonald and A R butey Nov 
19 70 117 p reH 

(Contract NAS3 198561 

NASA CR 3029) Avail NTlS HC AU6, Mf A01 CSCl 700 
A method for computing three dirnensronei l^'bu*ent subsonic 
flow m curved ducts is described An eppronmate set of governing 
equations is given for viscous flows which hgve a primary how 
direction The lenvatron is coo'dinete invariant arm T n# esuftmg 
equations ere expressed m te<ms of tensors C-eneral tube like 
< uordmates were devt)os>ed for a general lass of geometries 
applx aNe to many tnfernal flow prnfAems The coor.f.nales are 
tt*er pa-tirulan/ed to p»pe* having supereMiptic cross seclnsns 
whose sheft# - an very continuously twtween a circle and a near 
-ectengle T *•- analysis is applied to a senes of relevant 
aerodynamic problems .rnluding transition from needy square to 
round pipes a*id how through a pipe with "1 S Shaped bend 

Author 


N7§ 22428*# Stanford Uruv Canf 

fUll COVfRAGf fILM COOIING 3 DlMf NHONAL 
Ml ASURf Ml NT 8 Of TURSUlfNCf STRUCTURf AND 
RRl DICTION Of RfCOVftRY Rf GION HYDRODYNAMICS 
f mel Nepod 

s *vu/k t R J M- Ha* 4nd A M x,a»s Me- '979 '88 p 


cm; 



(Contract NA £3- 14336) 

(NASA CR-3 104 SU HMT-271 Avail NTIS HC A09/MF A01 
CSCL 20D 

Hydrodynamic measurements were made with a tnamai 
hot-wire in the full-coverage region and the recovery region 
following an array of traction holes inclined downstream, at 
30 degrees to the surface The data were taken under isothermal 
conditions at ambient temperature and prassura for two 
blowing ratios M - 0 3 and M « 0.4 Profiles of the three 
main velocity components and the sis Reynolds stresses were 
obtained at several span wise positions at «ach of the five locations 
down the test plate A one-equation model of turbulence (using 
turbulent kinetic energy with an algebraic mining length) wcs 
used m a two-dimensional computer program to predict the mean 
velocity and turbulent kinet energy profiles in the recovery region 
A new real-time hotwire scheme was developed to make 
measurements in the three dimensional turbulent boundary layer 
over the full-coverage surface ’ Author 


N 76- 22429*i' Stanford Unnr Calif 

HEAT TRANSFER TO A CULL COVERAGE. FILM COOLED 
SURFACE WITH COMPOUND ANGIE 130 DEG AND 
46 DEG) HOLE INJECTION 7 met Report 

H K Kim R J Moffat and W M Kays Feb 1979 159 p 

refs 

(Contract IMAS3 143361 

l NASA CR 3103 SU-HMT-28) Avail NTIS HC A06/MF A01 
CSCL 200 

An experimental study of heat transfer was conducted on a 
turbulent boundary layer with full-coverage film rsoling through 
an array of holes inclined at 30 deg to the surface and 45 deg 
to the flow direction (compound-angle infection) Heat transfer 
coefficients were measured over a range of miectant flows (M - 
0 to M 15) and Reynolds numbers at velocities between 
9 8 and 16 8 m/s Data are presented for miectant temperature 
equal to the wall temperatu*e and miectant temperature equal 
to the stream temperature Compound-angle infection gives better 
thermal protection than in-line, slant-hole infection but the 
beneficial effect is minimal m the first six rows of holes For a 
value of M 0 37 tne heat transfei coefficient with compound- 
angle infection was the same as for the slant -angle infection 
after six rows but was only one-half the slant hole value after 
1 1 rows The data for compound-angle injection show the 
same general features as for slant angle and normal infection 
Recovery is rapid after the last row o* holes with the heat 


NTS 22434*| TRW Defense and Space Systems Group Redondo 
Beach Calif 

CT8 TYPE VAR’ ' CONDUCTANCE HEAT PIPES FOR 
SEP FM FPU Final Report. Oct 1977 - Dec. 1979 

0 Antoniuk and E E Luedke Dec 1978 45 p 
(Contract NAS3 21 1301 

(NASA CR 159350 TRW 30979 6003 Ru 001 Avail NTIS 
HC A03/MF A01 CSCL 200 

The development effort for and the fabrication and testing 
of six CT S type vanable conductance heat pipes is described 
'he heat ntpss are constructed of stainless steel urt netnano! 
as a working fluid and a nitrogen/ helium mature as the control 
gas The wickmg structure consists of interior wall grooves a 
metal felt diametral slab wick and two wire mesh arteries The 
heat pipes are used to cool two Functional Model/Power 
Processing Units in a Solar Electric Propulsion prototype BIM0D 
thrust*- subsystem assembly The Power Processing Units convert 
the electric power from a spacecraft solar array system to the 
voltages required to operate the electric thrusters which are part 
of the BIMOD assembly o Y 


The merit of adding water to the reflux charge m chemically 
and solvent cleaned aluminum/ slab wick/ ammonia heat pipes 
was evaluated Tie effect of gas in the performance of three 
heat pipe thermal control systems was found significant m simple 
heat pipes less significant in a modified sample heat pipe mode) 
with a short wickless pipe section Use of gas data for the 
worst and best heat pipes of the matrix tn a variable conduct 
ance heat pipe model showed a 3 C increase m the source 
temperature at iull on condition after 20 and 246 years, 
respectively Author 


N79-29464*| Detroit Diesel Allison Indicnapolis Ind 

LASER ANEMOMETER MEASUREMENTS AT THE EXIT OF 
A TS3-C20 COM9USTOR Final Report. Sep 1978 Apr 

1979 

D 8 Zimmerman Apr 1979 44 p refs Sponsored m pad 
by Army Research and Develop Command. Cleveland 
(Contract NAS3 21267 DA Proi 1 LI 62209 AM 76) 

(NASA CR 159623 DDA RN 79 41 Avail NTIS 

HC A03/MF A01 CSCL 20D 

An experimental study of the flow downstream of a T03-C20 
gas turbine engine combustor was performed Laser anemometer 
measurements of the mean and fluctuating velocities were made 
in a combustion ng across an annulus simulating the inlet to 
turbine A window design suitable for similar measurements in 
a gas turbine engine was made based on the results of this 
experiment Insufficient numbers of naturally occu ring scattering 
particles were present in the flow Hollow phenolic particles 
added to the flow provided adequate signal strength for 
measurement For each of the simulated engine operating 
conditions of flight idle 30% power and 90% power both with 
and without the addition of fuel tne mean velocities and turbulent 
intensities wera uniform across the annulus The turbulent intensity 
was substantial unaffected by the addition of fuel but was 
apparently only dependent on the inlet flow condition at a given 
power point Little or no swirl was present in the flow at the 
annulus Authoi 


N 79- 30614*1 Cincinnati Univ . Ohio Dept of Aerospace 

Engineenng and Applied Mechanics 

A CALCULATION PROCEDURE FOR VISCOUS FLOW IN 
TURBOMACHINES. VOLUME 1 

I Khalil and W Tabakoff Jul 1979 97 p refs 
(Contract NAS3 21609 DA Proi 1 LI 61 102 AH 451 
(NASA CR 159635) Avail NTIS HC A05/MF A01 CSCL 
20D 

A method for analyzing the nonadiabatic viscous flow through 
turbomach.me rotors is presented The field analyse is based 
upon the numencal integration of the full incompressible stream 
function vorticity form of the Nuvier Stokes equations together 
with the energy equation over the rotor blade-to blade stream 
channels The numerical code used to solve the governing 
equations employs a nonorthogonal boundary fitted coo'dinate 
system that suits the most complicated blade geometries A 
numerical scheme is used to carry out the necessary integration 
of the elliptic governing equations The flow characteristics within 
the rotor of a radial inflow turbine are investigated over a wide 
range of operating conditions The calculated results are compared 
to existing experimental data The flow in a radial compressor 
is analyzed in order to study the behavior of viscous flow in 
diffusing cascades The results are compared qualitatively to 
known expenmental trends The solution obtained provides insight 
into the flow phenomena in this tvpe of turbomachine It is 
concluded that the method of analysis is quite general and gives 
a gond representation of the actual flow behavior within 
turbomachire passages K L 


N79 26349*# TRW Defense and Space Systems Group Redondo 
Bosch Cahf 

HEAT PIPE LIFE AND 3ROCESSING STUDY Final Report 

David Antoniuk and Edward Luedke Apr t979 94 p 
(Contract NAS3 21200) 

NASA CR 159581 TRW 32937 6001 TU 00) Avail NTIS 
HC A 05/ ME A01 CSCL 20D 
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N79 33432* k General Dynamics/ Convair San Diego Calif 

STUDV OF LIQUID AND VAPOR FLOW INTO A CENTAUR 
CAPILLARY DEVICE 

M H Blatl and J A Rtsbetg Sep 1979 161 p refs 
(Contract NAS3 200921 

INASA-CR 159657 GDC NAS 79 0011 Avail NTIS 
HC A08/MF A01 CSCL 20D 

The following areas of liquid and vapor flow were analysed 
and experimentally evaluated II the refilling of capillary devices 
with settled liquid and 21 vapor flow across wetted screens 
These investigations resulted in II the development of a versatile 
computer program that was successfully correlated with test data 
and used to predict Centaur D IS L02 and LH2 start basket 
refilling 21 the development of a semi empirical model that was 
only partially correlated with data due to difficulties in obtaining 
repeatable test results Also a comparison was made to determine 
the best propel’ ,nt management system for the Centaur D IS 
vehicle The comparison identified the baslme Centaur D IS 
system lusing pressurization boost pumps and propellant settlingl 
as the best candidate based on payload weight penalty However 
other comparison criteria and advanced mission condition were 
identified where pressure fed systems thermally subcooled boost 
pumps and capillary devices would be selected as attractive 
alternatives RES 


A79-32912 * Filtering of non-linear instabilities. P K 

Khosla and S. G Rubin INew York, Poly'cchnic Institute. Farm 
nxjdale, N Y ). Journal of Engineering Mathematics, vol 13. Apr 
1979, p. 177-14). 10 refs. Grant No NsG 1244 

For Courant numbers larger than one and cell Reynolds 
numbers larger than two, oscillations and in some cases instabil ties 
are typically found with implici' numerical solutions of the fluid 
dynamics equations This beha> or has somepmes been associated 
with the loss of diagonal domi ance of the coefficient matrix. It is 
shown here that these problen can in fact he related to the choice 
of the snatial differences, with the resulting instability related ti 
auasinq or nonlinear interaction. Appropr ate 'filtering' can educe 
the intensity of these oscillations and in some cases possibly 
eliminate the instability These filtering procedures are equivalent to 
a weighted average ol conservation and non conservation differenc 
ng. The entire spectrum of filtered equations retains a three point 
character as well as second-order spatial accuracy Burgers equation 
lias been considered as a model. Several filters are examined in detail, 
and smooth solutions hare been obtained for extremely large cell 
Reynolds numbers. (Author) 


A79 42890 • Heat trarsl rr from a row of lets impinging on 

concave semi-cylindrical surface P Hrycak (New Jersey Institute of 
Technology, Newark. 7J J ‘ International Heat Transfer Confer 
ence 6th Toronto, Canada August 7 1 1 1978. General Papers. 
Volume 2 (479 42886 Hj 341 Washington, DC. Hemisphere Pub- 
lishing Corp., 1978. p F7 72 27 refs Grant No, NGR 31 009004 
Con Pact Nu. NAS3 11175 

Heat transfer from impinging ie .s has been analy ed Based on 
similarities of the boundary conditions of The related flow fields, 
analogies between heat transfer trom impinging jets at the stagnation 
point and in the wall p*l region have been shown for several flow 
geometries. Calculation of heat transfer in the stagroiion region and 
in the wall |et region, based on available theory and (he parameters, 
obtained from direct measurements, hjve been carried out, for the 
singli , round, impinging lets. It has been shown that heat transfer 
from a row of round lets impinging on Mat and concave surfaces can 
tie comprehensively descr ied through analysis of impinging lets of 
simpler geometries. Finally, experimental results for *he local and 
average heat transler effects are presented and discussed. Compari- 
sons are made with theory and results of other investigators, with 
fairly sei-sfactory agreement, I Author) 
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35 INSTRUMENTATION AND 
PHOTOGRAPHY 

Includes remote sensors measuring instruments and 
gages detectors cameras and photographic supplies and 
holography 

F or aerial photography see 43 farth Resources For 
related information see also 06 Aircra/l Instrumentation 
and 19 Spacecraft Instrumentation 


N79 12414*)|l National Aeronautics and Space Administration 
lewis Research Center Cleveland Ohio 

AN ELECTRO OPTIC HIGH VOLTAGE TRANSIENT 
PROBE 

Stephan J Posta and Charles 1 Michels Oct 1978 13 p 

rels 

INASA TV 79019 E 9588 Avail NT’S HC A02/MF A01 
CSCL MB 

A newly developed eleitro optic voltage transducer is 
descntied It is capable ol measuring 30 ns rise time floating 
or smgle ended 0 to 20 kV tiamnents in a high noise environment 
such as a last discharge laser or energetic switch system The 
voltage transient is detected by a specially developed resistor m 
series with a light emitting diode The light output (proportional 
to voltagei is transmitted remotely via a liber optic cable to a 
detectoi and recorder Typical signals and comparison with 
commercial probe system signals are described A ithor 


N7B 14348* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INDICATED MEAN EFFECTIVE PRESSURE INSTRUMENT 

Patent 

William J Rice inventor (to NASA! Issued S Sep 1978 5 p 
Filed 29 Sep 1977 Supersedes N77 32461 116 23 

p 30801 

INASA Case LEW 12661 1 US Patent 4 1 1 1 04 1 
U S Patent Appl SN 837796 US Patent Class 73 1151 Avail 
US Patent and Trademark Office CSCL 1 48 

An apparatus for measuring indicated mean effective pressure 
ilMEPI of an internal combustion piston or rotary engine or of 
an asternal combustion engine such as a Stirling engine <s 
disclosed An optical shah em-oder measures crankshah angle 
of the engine Changes in volume with respect to changes in 
crank angle of one or more cylinders idV/ri thetal is determined 
either empirically or algebraically from engine geometry and stored 
in a memory As the c>anl angle changes dV/d theta> is read 
from r 'e memory and multiplied by chamber or cylinder pressure 
The product IP dv/d thetal is then added to the total previously 
accumulated in the cycle Each nm'r theta changes by an amount 
equal to delta theta the process is repeated At the end of 
each engine cycle the total is equal to the IMEP val <e for that 
cycle Official Gazette of the U S Patent and Trademark Office 


N79 14348* National Aeronauhcs and Space Administration 
Lewis Research Cent. Cleveland Ohio 

THERMOCOUPLES OF MOLVBOENUM AND IRIDIUM 
ALLOYS FOR MORE STABLE VACUUM HIGH TEMPERA 
TURE PERFORMANCE latent 

James F Morris inventor Ito NASA Issued 5 Sep 1978 6 t. 

Filed 21 Nov 1977 Continuation in part of abandoned US Patent 

Appl SN 667929 filed 18 Mar 1 970 

INASA Ca*e LEW 121 74 2 US Patent 4 111 718 

US Patent Appl SN 863679 US Patent Class 136 236 

US Patent Class 136 202 US Patent Appl SN 667929) Avail 

US Patent and Trademark Office CSCl. 148 

Thermocouples providing stability and performance reliability 
m systems involving high temperatures end vacuums by employing 
a bimetallic thermocouple sensor a 'e described Each metal of 
the sensor is selected from a group of metals comprising 
molybdenum and iridium and alloys coma ning only those two 
metals The molybdenum indium thermocouple sensor alloys 
provide bare metal thermocouple sensors having advantageous 
vapor pressure compatibility and performance characteristics 


The compatibility and physical characteristics of the thermocouple 
sensor alloys result in improved emf temperature properties and 
thermocouple hot junction performance 

Official Gazette of the U S Patent and Trademark Office 


N79- 17192* National Aeronautics and Space Administration 

Lews Research Center Cleveland Ohio 

FINE PARTICULATE CAPTURE DEVICE Patent 

Victor S Peterson and Robert D Siewert mventes (to N*SAi 

issued 16 Jan 1979 4 p Filed 8 Nov 1973 Supersedes 

N74 13199 112 4 p 04201 

INASA Case LEW 115E3 1 US Patent 4 1 34 744 

US Patent Appl SN 4 1 4042 US Patent Oass 55 118 

US Patent Class 55 122 US Patent Class 55 127 

US Patent Class 55 155. US Patent Class 55 241 

US Patent Class 55 242 US Patent Class 55 360 

US Patent Class 55 4071 Avail US Patent and Trademark 

Office CSCL 148 

To capture fine particulate matter in a gas such as air a 
dialectic fluid is directed to the center of whichever face of a 
rotating disc is esrosed to the air flew The disc is '■ompnsed 
of two or mi »e segments which bear opposite electrostatic 
potentials As the dielectric fluid is centrifuged towards the 
periphery of the rotating disc the fluid becomes charged to the 
same potential as the segment over which it is passing Particulate 
matter is attracted to the charged segment and is captured by 
the fluid The Turd then carries the captured particulate ma'ter 
to a collection device such as a toroidal container disposed around 
the periphery of the d'sc A grounded electrically conductive nng 
may be disposed at the outer periphery of the disc to neutralize 
the captured particles and the fluid before they enter the 
container 

Official Gazette of the U S Patent and Trademark Office 


N79 17*, 35*4 National Aeronautics and Space Admmistrat.on 
Lewis Research Center Cleveland Ohio 

HOLOGRAPHY THROUGH OPTICALLY ACTIVE W'NDOWS 

Arthur J Decker Feb 1979 18 p 'efs 

NASA TP 1414 E 98G8i Avail NTIS HC A02 MF A01 CSCL 
14E 

By using two orthogonally polarized reference beams 
holograms can be receded through stressed windows and the 
reconstructed virtual image will show no stress pattern As shown 
analytically the stress pattern free hologram is recordable for 
any polarization state of the ob|ei_* illumination Hence the more 
efficient nondepolarizing diffuser can be used in performing 
holography through stressed windows if two referee e beams 
are used Results are presented for a pair of machined polysulfone 
windows intended for use in a holographic flow visualization setup 
in a single stage compressor test rig Author 


N79 22448*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MEASURING UNSTEADY PRESSURE ON ROTATING 
COMPRESSOR BLADES 

David R Englund Howard P Grant Pratt and Whitney Aircraft 

East Hartford Conn I and George A lanati iPratt and Whitney 

Aircaft East Hartford Conn I 1979 28 p refs Presented at 

•he 25th Intern Instrumentation Symp Anaheim Calif 7 10 May 

19 7 9 sponsored by the Instr Soc of Am 

iN.'SA TM 79159 E015I Avail NTlS HC A03 MF A01 CSCl 

148 

Miniature semiconductor strain gage pressure transducers 
mounted <n several arrangements were studied Both surface 
mountings and recessed flush mountings were tested Test 
parameters included mounting a rangemer. blade material 
temperature Iota sham in the (.iccele'abon normal to the 
transducer diaphragm centripetal acceleration and pressure Test 
'•suits show no failures of transducers or mountings and indicate 
an uncertainty of unsteady pressure measurement of ap 
prommately • O' 6 percent • 0 1 kPa lor a typical application 
Two configurations were used on a rotating fan flutter program 
Evamples of transducer data and correction factors are p-e 
sented Author 
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N 79 27480*# National Aeronautics and Space Admini»Ma!»on 
Laws Research Cente* Cleveland Ohio 

EVALUATION OF MINIATURE SINGLE WIRE SHEATHED 
THERMOCOUPLES FOR TURBINE BLADE TEMPERATURE 
MEASUREMENT 

Raymond Hollands Jun Id 79 20 p rets 

(NASA TM 79173 E 0681 Avail NTIS HC A02/MF A01 CSCL 

09A 

Chromel Alumel thermocouples were used, with sheath 
diameters of 0 15 and 0 25 mm Tests were conducted at 
temperatures ranging from 750 to 1250 K Both steady state 
and ermal cycling tests were performed for times up to 
200 hours Initial testing was performed in a low velocity gas 
stream for long time periods using a Meter type burner Additional 
testing was done in a high velocity gas stream for shod time 
periods using a hot gas tunnel and also in a J75 jet engine A 
total of eleven 0 1 5 mm diameter thermocouples and si* 0 25 mm 
diameter thermocouples were rested Drift rates up to 2 5% .n 
10 hours were observed Photomicr 'nraphs show that ihis design 
.? near the 'mit of miniaturization baseo . i piesent manutactur 
mg inabilities Results indicate that the effects of miniaturization 
on reliability anu accuracy must be considered when choosing 
Thermocouples for c particular application S E S 


A 79 10800 * » Pressui? instrumentation fc gas turbine 

engines A review of measuren.?t,* technology E C Armentrout 
IN XSA. lewis Research Cente». Clt •*-'*nd. Ohio) and J C. Kicks 
(Kulite Semiconductor Products. Inc f. field. N J.) American 
Society of Mechanical Engineers Gas Tu» .hr.;* Conference and 
Pror. icts Show. London. England Anr if 'J. 19/8 Paper 

78 GT 148 11 p 50 rets Members. $1 50 nonmembt 00 

Many types and designs of pressure »^?asuru>y msuv'mei ’ation 
are used during thi Jeve npment and testrn* of qas *urb»ne engines 
This paper p' ovides an o 'erview of more iommur i> avo 'atile 
pressur* transducers and their character is» k.s Prol>e designs for use m 
both steady state and dynamic pressure measurement systems art 
reviewed Techn.ques used To quai'fy instrument probes and the 
metho is used to ca' b*ate pressure transducers during engine testing 
are de sen bed {Author ) 


A79 10992 ' Auger spectroscopy analysis in adhesion, fnc 

tion and wear studies D h buck ley iNASA Lewis Research Center 
Cleveland. Ohio) International Advances in Nondestructive Testing 
vo l 5 1977 p. 303 320 18iefs 

The |>aper reviews the current use of Augei electron a .pectios 
copy in adhesion, fnc* ion wedi and lubrication studio Convert 
tional Auger spectroscopy is adopted to complement LEED studies 
of tne adhesion of metal Single crystals In addition Auger 
cylindrical mirror analysis is applied to the >tudy of changes in 
surface chemistry dui"«g dynamic fncl«on and wear ex(**r tments on 
polytr vstallme metals and jlloys Important conclusionsaretli.it Ml 
segregation of alloying elements t.i the surface of metals can alter 
adhesion behavior (2) hydrocarbons jm* adsorbed readily to dean 
non surfd.es at 23 C. i3) tramter from one surface to another for 
dissimilar materials m contact can tn* folluwed m v!*dmg oi rubbing 
fnctiun studies ami i4) the hictiun process Lan enhance suiface 
activity for metals with hydrocarbons S.D 


A 79 15067 * Global sensing of gaseous and aerosol trace 

species using automate 1 instrumentation on 747 airliners P J 
Perkins and L C Papathakos (NASA Lewis R^sejrrh Cen.er 
Cleveland. Ohio) In Joint Conference on Sensinq of Environmental 
Pollutants. 4th New Orleans La November 6 1 1 197 7 P.oceed 

mg* IA79 15023 A 45) Washington, DC American Chemical 
Society 1978 r* 307 312 8 refs 

The Glof - Atmospheric Sampling Prnqrjm (GASPl is collecting 
and anal v.' trig data on gaseous and aerosol trace contaminants m 
upper troposphere and lower stratosphere Measurement' ^re nh 
tamed from automated systems installed on fine 74 7 a*dineis dying 
global an routes Improved instruments and - wilysis techniques are 
providing .j» expanding data base fo» • ace species including o/one. 


carbon monoxide, water vapor, undensation nuclei, and mass 
concentration of sulfates and nitrates. Simultaneous measurements 
of several trace species ohta-ned frequently can be used »o identify 
the source of the air mass as being typically Tropospheric or 
stratosp eric. B J. 


A79-20742 * Improved apparatus for trapped radical and 

other studies down to 1 5 K. J A Woo 1 1 am and K Sugawara (NASA. 
I ewis Research Centei. Cleveland. Ohio) Review of Scientific 
Instruments, vol 49. Dec 1978, p 1745 

A Dewar system and associated equipment for electron paramag^ 
netic resonance (EPR) studies of trapped free radicals and other 
optical or irradiation experiments are described. T he apparatus is 
capable of reaching a temperature of 1.5 K and transporting on the 
order of 20 W per K temperature graoient. ts principal advantages 
are for use at pumped cryugen temperatures and for experiments 
with large heat inputs. Two versions of the apparatus are discussed, 
one of which is designed for EPR in a rectangular cavity operating in 
a TE(10?) mode and another in which EPP is performed in a 
cylindrical microwave cavity. F G.M. 


N79 12418*4 Pratt and Whitney Aircraft East Hartford Conn 
Commercial Products Div 

INSTRUMENTATION FOR MEASURING THI DYNAMIC 
PRESSURE ON ROTATING COMPRESSOR SLAOES 
Final Rapori 

H P Gr.int and George A Lanati Sep 1978 182 p 

♦ Contract NAS3 20296) 

iiM3M LH 1 59466 PWA 5558 12) Avail NTlb 

HC A 09 /MF A0 1 CSCL 14B 

To establish the capability for measurement of oscillatory 
pressure on rotating blades mimatuie fast response semiconductor 
stram gage pressure transducers (2mm x 0 33mm) were mounted 
in several configurations on thin titanium and steel compressor 
L'ades and subjected to pressure cycles from i to 310 k p a 
du.'ny static *•»«!£ and spin tests Static test conditions included 
20 C -o 150 C 0 to 3000 tensile microstrain 1000 To * 1000 
tn ndm H .iicrostram and * or 650G v»bra»'on the spin test 
conditions included 20 C to 82 C at 0 to 90.000li Durability 
was excellent Pressure transducer sensitivity changed by only a 
few percent over this range of environmental conditions Noise 
signal due to oscillatory acceleration normal to the diaphragm 
was acceptable *0 33Pa/G) Noise signal due to oscnlatorv stram 
was acceptable (0 5 Pa/ microstrain) when rn« transducer was 
mounted on a 0 05mm rubber pad with a f >ta* buildup of 0 jHmrr 
on the measure surface Bark mounting or partial recessing to 
eliminate buildup increased the strain effect to 
1 2 Pa/microstram Flush ^-.ounting within the blade to eliminate 
buildup reduced the r *.am effect but required development of a 
special transduce shape This transducer was not available in 
time for som tests Unpiedictable zero drift * or 14 kPa ruled 
out th' use of these mounting arrangements for accurate 
steady state (DC) measurements on rotating biades The two 
oest configurations fully developed and spin tested were then 
successfully applied in the NAS3 2C>606 rotating fan flutter 
p'og r am for quantitative measurement of oscillatory pressure 
amplitudes Author 


N79 19314*4 Pratt and Whitney Aircratl East Hanford Conn 
Commercial Products Div 

STRAIN GAGE SYSTEM EVALUATION PROGRAM 
Final Report 

G W Dollenv H J Ma/ur and E Kokos/ka Jr Dec 1978 

126 p 

(Contract NAS3 20298 

(NASA CR 159486 PWA 5615 3’ Avail NTIS 

HC A07/MF ACT CSCL 148 

A program was conducted to determine the reliability of 
various stram gage systems when applied to Mating compressor 
blades in an aircraft gas tu'bine engine survey of current 
technolog\ stram gage syste ns was cor ted to provide a 
basis for selecting candidate systems for evaluation Testing and 
•valuation was conducted m an F 100 eng Sixty strain gage 
systems of seven different designs were msta 1 on the first 


no 



and thud stages of an F 100 engine fan Nineteen strain gage 
failures occurred during 62 hours of engine operation, for a 
survival rate of 68 percent Of the failures 16 occurred at 
blade to- disk leedwue jump* (84 percent) two at a leadwire 
splice (1 1 percent), and one at a gage splice (S percent) Effects 
of erosion temperature G load’ng and stress levels are discussed 
Results of a post test analysis of the individual components of 
each strain gage system are presented M M 


N79 21329*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SIMULATED ELECTRONIC HETERODYNE RECORDING 
AND PROCESSING OF PUISED LASER HOLOGRAMS 

Arthur J Decker Apr 1979 40 p refs 

(NASA TP 1444 E 9813) Av*.: NTIS HC A03/MF A01 CSCL 
14F 

The electronic recording of pulsed laser holograms is 
proposed The polarization sensitivity of each resolution element 
of the detector is controlled independently »u add an arbitrary 
phase to the nn«y« nd«s: This method which can be used to 
simulate heterodyne recording and to process three dimensional 
opine! images is K ?*ed on 3 similar method for heterodyne 
recording and proc essini; or continuous wave holograms A R h 


N7? j 6384*» Mathemafii a< Sciences Northwest Inc Bellevue 
Wash 

DESIGN INVESTIGATION OF SOLAR POWERED LASERS 
FOR SPACE APPLICATIONS Final Report 

R Taussig C Bru/zone D Quimby L Nelson W Christiansen 
S Neice P Cassady and A Pmdroh May 1979 184 p refs 

(Contrac* NAS3 21134 ) 

(NASA CR 159554 MSNW 79 1087, 1090 1) Avail NTIS 
HC A 09/ MF A01 CSCL 20E 

The feasibility of sola' powered lasers for continuous operation 
m space power transmission was investigated Laser power 
trans msston in space over distances of 10 to 100 thousand 
kilometer' appears possible A variety of lasers wa- considered 
including solar powered GDIs and LDLs and solar pumped lasers 
An indirect solar pumped laser was nvest. gated which uses a 
so»ar heated black body cavity to pump the latent c fficiencies 
•n the range of 10 to 20 percent « *» protected for these indirect 
optically pumped lasers G Y 


N79 27470*# Crea»e Ini Hanover N H 

DESIGN DEVELOPMENT. ANL TEST OF A LASER 
VELOCIMETER FOR A SMALL 8 1 PRESSURE RATIO 
CENTRIFUGAL COMPRESSOR Final Report 

Francis X Dolan and Meter W Rwnstadler Jr Mar 1979 
706 p -efs 

I Coni* act NAS3 1 78601 

(NASA CR 134781 Crearp TN 289) Avail NTIS 

HC A 10/M T- A0 1 CSCl 146 

The instrument was designed as a diagnostic tool for the 
basic fluid dynamics of the inducer impeller and diffuser regions 
of this type compressor Tfe IV instrumentation was optimized 
to measure instant arieous velocities up to apo»o*ima»elv 500 m s 
measured m ao*.olute coordinates within the rotating compressor 
.mpelie' and n the two dimensional radial plana %.i ’he diffuser 
Seme measurements were made withr* the diffuser and the 
impei'P' inlet flows nowever atte npts to make derailed 
measurements of the velocity field we>e not successful Difficulties 
•n maintaining high seed particle rates within the probe volume 
and the imprope* operation of the* blade gating optics may eiplam 
the lack of success Recommr.»dations ere made to further pursue 
these problems At 100* speed the stage attained a total statu 
pressure 'at*o of 7 5 1 at 75% total statir efficiency Flow range 
from c hoke to • i'ge was 6 8*. of choking mass flow rate 
Performance was tower tha f » the design intent of B 1 pressure 
atto at /7% efficiency and 17% flow ran g»* Detailed measure 
mpnt« ol the stage’ componer is a»e presented which show the 
reasons Irv the stage performance defirienoes SE S 


A79 38738 * Fiber optic sensors for military, industrial and 

commercial applications. K A James, W H Quick, and V H 
Strahan (Rockwell International Corp., Electronics Resea r h Centei, 
Anaheim, Cali! ) In ITC/USA/*78 Proceedings >f the International 
Telemetering Conference. Los Angeles. Calif . November 14 1C. 
1978 (A79 38676 16-3?) Pittsburgh, Pa Instrument Society of 
America. 1978 p 777 78? Contract No NAS3 71005 

Four example* of specific fiber optic sen«oi system designs, each 
of which demons!’ ates a different optical modulation format, are 
described. The bimfngent temperature transducer illustrates direct 
digital signal modulation. The tempeiature/pressure dependent semi 
conductor filter illustrates high-pass optical wavelength signal encod 
mg. The coup*»*d polarized mode transducer shows how a solid-state 
sensor can produce narrow-bandpass optical wavelength signal 
encoding The lum nesce.it tempi *.»ture sensor illustiates a wav to 
constiuct a solid state sensor in older to produce pulse width 
modula*ion of an optical signal. b.J. 


m 



36 LASERS AND MASERS 

Includes parametric amplifiers 


A79 19078 ’ Gain measurements of the Ca Xe charge ex 

change systom. C. J Michels and D L Chubb (NASA. Lewis 
Research Center. Cleveland. Ohiol Journal of Applied Physics, vol 
49, Oct 1978. p 5084 5092 16 refs. 

Charge exchange pumped Car ♦ 1 was studied lor possible positive 
laser gem at 370 3 and 315 9 nm using an Xe MPD areas the Xe( ♦ 1 
source The present paper describes thi VPD arc, the calcium 
miection system, the diagnostics for gam arid spontaneous emission 
measurements and results. No positive gain measurements were 
observed. A small Xe Ca charge exchange cross section compared to 
He metal laser systems charge exchange cross sections is the most 
probable reason why the result was negative B J. 


N79 21334*/! Lockheed Missiles and Space Co Palo Alto 
Calif Research tab 

LASER POWER CONVERSION SYSTEM ANALYSIS. 
VOLUME 1 Final Report. 26 Sap 1977 26 Sop 1978 

W S Jones L L Morgan J B Forsyth and J P Skratt 
15 Ma- 1979 109 p refs 
(Contract NAS3 211371 

(NASA CR 159523 Vol 1 *MSC D» 73466 Vol II Avail NTIS 
HC A06/MF A0 ' CSCL 2UE 

The orbit to orbit laser energy inversion system analysis 
established a mission model of satellites with various orbital 
parameters and average electrical power requirements ranging 
from 1 to 300 kW The system analysis • aluated various 
conversion techniques power system deployment parameters 
power system electrical supplies and other critical supplies and 
other critical subsystems relative to various combinations of the 
mission model The analysis show that the laser power system 
would not be competitive with current satellite powei systems 
from weight cost and development risk standpoints Author 


N79 21336*)! Lockheed Missiles and Space Co Palo Alto 
Calif Research Lab 

LASER POWER CONVERSION SYSTEM ANALYSIS 
VOLUME 2 Fins' Report 26 Ssp 1977 26 Ssp 1978 

W S Jones L L Morgan J B Forsyth and J P Skratt 
15 Mar 19’9 112 p refs 

(Contract NAS3 21 1371 

(NASA CR 159523 Vol 2 LMSC D673466 Vol 21 Avail NTIS 
HC A06/ME AC 1 CSCL 20F. 

The Orbit to ground laser power conversion system analysis 
investigated the feasibility and cost effectiveness of converting 
solar energy into laser energy in space and transmitting the 
laser energy to earth for conversion to electrical energy The 
analysis included space lasei systems with electrical outputs on 
the ground ranging from 100 to 10 000 MW The space laser 
power system was shown to be feasible and a viable alternate 
to the microwave solar power satellite The narrow laser beam 
provides many options and alternatives not attainable with a 
microwave beam Author 


N79 21337*1 Lockheed Missiles and Space Co Sunnyvale 
Calif Research Lab 


LASER ROCKET SYSTEM ANALYSIS Final Report 27 Sep 
1976 27 6ep 1976 


W S Jones J B Forsyth and J P Skratt 

11 Mar 

1979 

198 p refs 



(Contract NAS3 203721 



INASA CR 159521 l MSC D56467 1 Al 

Avail 

NTIS 


HC A09/MF A0 1 CSCL 20F 

The laser rocket systems investigated in this study were for 
orbital transportation using space based ground based and 
airborne laser transmitters The propulsion unit of those systems 
utilizes a continuous wave i CWI laser beam focused into a thrust 
chamber which initiates a plasma m the hydroge propellant 
thus heating the propellant and proviomg thrust through » 


suitably designed nozzle and expansion skirt The specific impulse 
is limited only by the ability to adequately cool the thruster and 
the amount of laser energy entering the engine The results of 
the study showed that, with advanced technology laser rocket 
systems with either a space or ground based laser transmitter 
could reduce toe national budget allocated to space transpeda 
tion by 10 to 345 billion dollars over a 10 year life cycle when 
compared to advanced chemical propulsion systems (L02 LH2I 
of equal capability The variation in savings depends upon the 
projected mission model L S 


N79 32538* » Rockwell International Corp Anaheim Calif 

HIGH POWER PHASE LOCKED LASER OSCILLATORS Final 
Report 

C L Hayes C l Telk J Soohoo and W C Davis May 1979 
103 p refs 

(Contract NAS3 203761 

INASA CR 159630 C76 1555/5011 Avail NTIS 

HC A06/MF A01 CSCL 20E 

The feasibility of mechanizing an adaptive array of in- 
dependent laser oscillators for generation of a high powei coherent 
output was experimentally investigated Tests were structured 
to evaluate component /system requirements for delivery of energy 
to a low earth orbit satellite Initial experiments addressed the 
control issues o' phase locking unstable -esonators at low powei 
levels A successful phase lock demonstration formed the basis 
for the design and fabrication of the high power water cooled 
control mirror subsequently installed in the NASA LeRC high 
power laser Tests were performed to characterize the operational 
limits of the laser system and included quantitative assessment 
of the frequency stability noise sources and optical properties 
of the beam Author 


A79-32981 * Simmer-enhanced tlashlamp pumped dye laser 

T K Yee. T. K. Gustafson (California, University, Berkeley, Cal'f.l, 
and 8. Fan (IBM Thomas J. Watson Research Center, Yorktown 
Heights, N.Y I Applied Optics, vol. 18. Apr. 15, 1979. p. 1131. 
1132. Grants No. DAHC04 75-C 0095. No NsG 2151 

It has been demonstrated experimentally that by enhancing the 
simmer current in the flash lamps before the energy discharge, the 
lamp inductance is reduced and the dye laser efficiency is thus 
remarkably improved This technique has advantages over the 
prepulsing technique for conditioning flash lamps the electronic 
circuit for the simmei enhancement is simp>e, inexpensive and 
reliable, and accurate timing is not required Furthermore the 
simmer enhancement consumes much less power, thus minimizing 
the attendant thermal effects and improving overall laser efficiency 

B J 


A79 38202 * Solar pumped laseri for space power tram 

mission R Taussig. C Biuz/une L Nelson. 0 Quimby (Mathema 
tical Sciences Northwest, Inc . Bellevue. Wash I and W Chnstiansen 
I Washington, University Seattle Wash I American Institute tif 
Aeronautics anil Astronautics Terrestrial Ftwruy Systems Confer 
ence Orlando Fla. lone 4 6. 1979 Paper 79 7(776 18 p 40 iefs 
Contract No NAS3 21134 

Multi Megawatt CW sola' pumped laser, appeal tube technulogi 
Cally feasible for spate prove* ’runsmission in t hi 1990s time t'ami 
A new concept tor a solar tiump.s| laser *s presenter! y * ich uM es an 
infer mediate hiark Imily cavity to provide a uniform ojitical pumping 
environment for the lesant either CO or CG2 Rerarfiatton losses art 
minimized with resultmq high efficiency opera'ion A 1 MW output 
laser may weigh as l.ttlr as 8000 k j including solar collector lilark 
txzdy cas ts laser cavty anti dints jiumps jiriwer systems and waste 
heat rjdiatnr The efficiency such a system will hi o-i fhe uirlei of 
10 to 20 L)t tjils of the new ujoceji'. Ijsei design, riimpjiisnri to 
competing soiai powered lasers and apjilicatiohs hi a laser solar 
jiower sal- de iSPSl concept are presented iA u rnorl 


112 



37 MECHANICAL ENGINEERING 

Includes auxiliary systems (non power) machine 
elements and processes and mechanical equipment 


N79 National Aeronautics and Space Administration 

Lewis Research Center Oeve'and Ohio 

CANTILEVER MOUNTED RESILIENT PAD GAS SEARING 
Patent 

l/hak Etsion inventor (to NASA) (NAS NRC Washington DC) 
Issued 11 Jul 1978 6 p Filed 28 Apr 1977 Supersedes 

N7 7 24496 (15 15 p 1998 Sponsored by NASA 

«NAbA Case LEW 12569 1 US Patent 4 09S 799 
US Patent Appl SN 792069 US Patent Class 308 5R 
US Patent Class 308 9 US Patent Class 308 121 
US Patent Class 308 160 US Patent Class 308 163 
US Patent Class 306 172 US Patent Class 308 DIG 1) Avail 
US Patent Office CSCL 1 1A 

A gas lubricated bearing is descnbed employing at least 
c ie pad mounted on a rectangular cantilever beam to produce 
a lubricating wedge between the face ol the pad and a moving 
sudace The load carrying and stiffness characteristics ol the pad 
are related to the dimensions and modulus of elasticity of the 
beam The bearing ts applicable to a wide variety of types of 
hydiodyramic bearings Official Ga/ette of the U S Patent Office 


N79 10424*# National Aeronautics and Space Administrator 
Lewis Research Center Cleveland Ohio 

COMPRESSIBLE FLOW ACROSS NARROW PASSAGES 
COMPARISON OF THEORY AND EXPERIMENT FOR FACE 
SEALS 

Gordon P Allen Donald A Wi sender and William F Hedy 
Nov 1978 19 p refs 

(NASA TP 1346 E 91201 Avail NTIS HC AO? MF AC 1 CSCl 

1 1 A 

Computer calculation tor determining compressible flow across 
radial face seals were compared with measured results obtained 
m a seal simulator rig at pressure ratios to 0 9 'ambient 
pressure sealed pressure) In general the measured and calculated 
leakages across the seal dam agreed within 3 percent The 
resultant loss coefficient dependent upon the pressure ratio 
ranged from 0 47 to 0 58 The calculated pressures we»e within 

2 5 N cu urn of the measured values G G 


N79 10425*# Nationa' Aeronautics and Space Admimsfation 
lewis Research Center Cleveland Ohio 

ANISOTROPIC FRICTION AND WEAR OF SINoU 
CRYSTAL 

Ka/uhisa Miyoshi Kana/awa Umv Jap»n ,«nd Donald H Buckley 
Oct 1978 23 p »efs 

NASA TP 1339 l 9673 Aval NTlS HC A02 MF A01 CSCL 
20c 

Sliding friction experiments were tO'iducied with manganese 
/me femte t10G ; '110 (111) and i2l1l planes in contact 

with themselves Mating the highest atomic density directions 
. 1 10) of matched crystallographic planes resulted m the lowest 
coefficients of friction Mating matched same? high atomic 
density planes and matched sameicryst?Uographic directions 
resulted in low < oefhcients of friction Meting dissimilar c'ysta! 
log'iphic planes however did not give significantly diffe ent 
fnct.on results horn those with matched planes Sliding caused 
cracking and the formation o* hexagonal and rectangular platelet 
wear debns i»n f*..nte su»ft( es pnmjn.y from cleavage of the 
1 1 ^ C - planes Author 


N79 10426*0 National Aeronautics and Space Administration 
Lewis Research (erne* Cleveland Ohm 

FREE PISTON REGENERATIVE HOT GAS HYDRAULIC 
ENGINE Patent Application 

Donald G Bsremand nventor to NASA I Fued 12 Oct 19 7 8 
21 p 


i NASA Case LEW 122/4 1 US Patent Appl SN 9508761 Avail 
NTIS HC A02/MF A01 CSCL 131 

A free piston regenerative hydraulic engine is described 
including displacer piston which is driven by a high pressure or 
low pressure gas Actuation of the displacer piston circulates 
the workmg fluid through a heater a regenerator and a cooler 
This invention includes an medial mass such as a piston or a 
hydraulic fluid column to effectively store and supply energy 
during podions of the cycle Power is transmitted from the working 
fluid to a hydraulic fluid across a diaphragm or lightweight piston 
to achieve a hydraulic power output The dispiacer piston may 
be driven pneumatically hydraulically or electromagneticalty The 
displacer piston and the media) mass may be positioned on the 
same side of the diaphragm member or may be separated by 
the diaphiagm member NASA 


N79 11403* National Aeronautics and Spare Administration 
Lew s Research Center Cleveland Ohio 

FUEL DELIVERY SYSTEM INCLUDING HEAT EXCHANGER 
MEANS Patent 

George A Coffinbe ry inventor do NASA) (G F Cincinnati Ohio) 
Issued 8 Aug 1978 6 p Filed 29 Nov 1976 Sponsored by 
NASA 

(NASA Case LEW 12793 1 US Patent 4 U)4 873 
US Patent Appl SN 745 766 US Patent Class 60 39 28R 
US Patent Class 60 39 08 US Patent Class 60 39 6 6 1 Avail 
US Patent Office CSCl 131 

A fuel delivery system is presented wherein first and second 
heat exchanger means are each adapted to provide the transfer 
of heat between the fuel and a second fluid such as lubricating 
oil associated with the gas turbine engine Valve means are 
included which a»e operative m a first mode to provide for flow 
of me second fluid thiough both fust and second heat exchange 
means and fudher operative m a second mode for bypassing 
the second fluid around the second heat exchanger means 

Official Ga/ette of the U S Patent Office 


N79 12446*# Natronal Aeronautics and Space Administration 
Lews Hosearch Center Cleveland Ohio 

SELf STABILIZING RADIAL FACE SEAL Patent Appl.ce 
t»on 

I Etsion inventor Ito NASA) (Techmon Hesearch and Development 
Foundation Haifa Israel) Filed 17 Nov 19 78 15 p Sponsored 
by NASA 

i NASA Case LEW 12991 1 US Patent Appl SN 961832) Avail 
NTIS HC A02/MF A01 CSCl 1 1 A 

A self stabilizing radial face seal is recoded that consists of 
a primary seal nng juxtapos'boned to a seal seat The seal seat 
is provided with a porous ring hxe circumferent'al structure which 
allows for the fluid pressure in the system to reach equilibrium 
A cavity behind the porous nng provides a constant pressure 
leservorr NASA 


N7S 13349*0 Natrona) Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PERFORMANCE OF A NASVYTIS MULTIROLLER TRACTION 
DRiVE 

Stuart H Loewenthel Neil E Anderson (AVRADCOM Res and 
techno! Labs and Algudas L Nasvytis (Transmission Res Inc ) 
Nov 1970 36 p »efs 

NASA TP 1 3 7 8 E 9632 AVRADCOM TR 78 36) Avail NTIS 
HC A03/MF A0 1 CSCL 131 

Tests were conducted to determine the operational arid 
performance cha'acteristics of a high speed 14 7 to 1 fixed ratio 
Nasvytis Multiroller Traction Dove at speods to 73 000 rpm 
and powei levels to 127 kW (170 hp) The test drive was 
anangec. n a single stage planetary configuration with two 
rows of stepped planet rollers contained between concentric sun 
end ring rollers It was lubncaied with a traction fluid Two 
doves ware .ested concurrently m a back to back arrangemam 
They exhibited good performance and operated smoothly with 
a nominal peek efficiency of 95 percent Variations of th# design 
traction coefficient imposed by the automatic roiiar loading device 


113 



of 0 039 0 048 and 0 087 teemed to have ralativafv little affaci 
on any of fha operating variable* Author 


N7t-l4M'f National Aeronautic* and Spaca Administration 
lawn Raaaarch Canter Cleveland Ohio 

FRICTION AND TRANSFER OF COPPER. SILVER. AND 
SOU) TO IRON IN THE PRESENCE Of VARIOUS AD 
SONBEO SURFACE FILMS 

Donald H Buckiay Jan 1979 19 p refs 

INaSA TP 1392 E 96841 Avail NTIS HC A02/MF A01 CSCl 

20K 

Sliding friction aipenments w ire conducted with the noble 
metale copper silver and gold and two binary alloys of these 
metals contacting iron in the presence of various adsorbates 
including, oxygen methyl mercaptan and m»thyl chloride A pin 
on disk specimen configuration was used with a load of 
100 grama sliding velocity of 60 mm/mm at 25 C with the 
surfaces saturated with the adsorbates Auger emission spectrot 
copy was used to monitor surface films Results of the experiments 
indicate that friction and transfer characteristics are highly specific 
with respect to both the noble metal and surface film present 
Wrth all three metals and films transfer of the noble metal to 
iron occurred very rapidly With all metals and films transfer of 
the noble metal to iron continuously increased with lepeated 
passes except for silver and copper sliding on iron sulfide 

Author 


N7R-148S7*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FRICTION ANO WEAR CHARACTERISTICS OF IRON 
CHROMIUM ALLOTS IN CONTACT WITH THEMSELVES 
ANO SILICON CARBIDE 

Ksiuhisa Mtyoshi and Donald H Buckley Jan 1979 23 p 

refs 

(NASA TP 1387 E 3670) Avail NTIS HC A02/MF A01 CSCL 

20k 

Sliding friction experiments were conducted with various 
iron chromium efloys in contact with (1| themselves 121 single 
crystal silicon carbide disks and 131 single crystal abrasive grit 
of silicon carbide Results indicate the coefficients of friction foi 
the alloys sliding against themselves are between those for pure 
iron and pura chromium and ere only slightly different with 1 
5 9 14 and 19 weight percent chromium in iron The wear is 
due primenfy to shearing or tearing fracture of the cohesive 
bonds in the bulk metal and plowing of the bulk by lumps of 
wear debris There are only slight differences in the coefficients 
of friction for the venous alloys when sliding on silicon carbide 
The coefficient of friction for the alloys are h»gnv then those 
for pure iron snd pure chromium Alloy hardening observed in 
the alloys plays a dominant role in controlling the abrasive friction 
and wear behavior of the alloys Author 


N7S lAJSB'l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EVALUATION OF CSS SOO CARBURIZED STE El AS A GEAR 
MATERIAL 

Dennis P Townsend Richard J P*«ker and Erwir, V Zaretsky 
Jan 1979 p refs 

INASA TP 1390 E 96511 Avail NTIS HC A03 MF A01 CSCl 
131 

Geai endurance tests were conducted with one lot of 
consumable electrode vacuum melted (CVMI A I SI 9310 geers 
and one lot of air melt CBS 600 gears The gee r s were 8 pitch 
with a pitch diameter of 8 89 centimeters 13 5 in I Bench type 
rolling element fatigue tests were also conducted with one lot 
of CVM At SI 9310 th-ee lots of CVM CBS 600 and one of 
air me.t CBS 600 material The rolling element bar* were 
0 952 centimeter 10 375 in I m diamete e CBS 600 malarial 
exhibited pitting fatigue lives in both i element specimens 
and gears at least equivalent to that of lvM AISI 9310 Tooth 
fracture failure occurred With the CBS 6LK> gears a te* overrun 
rung a fatigue spall but it did not occui with pie CVM AISI 
93'0 gee's Tooth fracture in the CBS 600 was attributed to 


excessive carbon content in the case excessive tase depth and 
a higher than normal core hardness Author 


N7S 17227*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

FRICTION AND WEAR WITH A SINGLE CRYSTAL ASHA 
SITE GRIT OF SILICON CARBIDE IN CONTACT WITH IRON 
RASE BINARY ALLOYS IN OIL EFFECTS OF ALLOYING 
ELEMENT AND ITS CONTENT 

Kaiuhisa Mryoshi IKanatawa Univ Japan i and Donald H Buckley 
Feb 1979 19 p 

(NASA TP 1394 E 9765) Avail NTIS HC A02/MF A01 CSCL 

20K 

Sliding friction experiments were conducted with various 
iron base binary alloys (alloying Blarr.ents were Ti Cr Mn Ni 
Rh and Wl in contact with a rider of 0 025 millimeter radius 
single crystal silicon carbide in mineral oil Results indicate that 
atomic sue and content of alloying element play a dominant 
role tn controlling the abresive wear and friction pioperties of 
iron base binary alloys The coefficient of friction and groove 
height (wear volume) general alloy decrease and the contact 
pressure increases in solute content There appears to be very 
good correlation of the solute to iron atomic radius ratio with 
the decreasing rata of coeffrcren' of Inchon the decreasing rate 
of groove height (wear volume) and the increasing rate of conlact 
pressure wrth increasing solute content C T h se rates increase 
as the solute to iron atomic radius ratio increases ‘rom unity 

L S 


N79 18318* National A-ronautics and a Administration 

Lewis Research Conler Cleveland Ohio 

COMPOSITE SEAL FOR TURBOMACHINERY Patent 

Robert C Bill and Lawrence P Ludwig inventors Ito NASA) 

Issued 23 Jan 1979 5 p filed 27 May 1977 Supersedes 

N77 24498 1 15 15 p 1999i 

iNASA Case LEW 1213 1 1 l IS Patent 4 1 3b 85 1 

US Patent Appl SN 801290 US Patent Class 415 174 

US Patent Class 4 15 200 Avail US Patent ana Trademark 

Office CSCL 1 1 A 

A gas path seal suitable for use with a turbine engine or 
compressor is provided A shruud weaiabie or aluadahle by ’he 
abrasion of the iutO’ blades of the tu'bme or compressor protects 
the rotor blades A complianl backing surrounds the shroud 
The backing may he made of corrugated sheets ni the like with 
adjacent layers having off set corrugations with aves of the folds 
parallel to the otot avis The sheets may Lie bonded together 
at points of contact by hra/mg wekling or the like In another 
embodiment a i ompliant matenai is l Oveied with a thin ductile 
layer A mounting lixture surrounds the bo< king 

Ofln.idl (ij/ettr ni the U f, Patent and Tiademark Office 


N 79 18J23*« Nat tor.al Amonaufu * and Spat e Administration 
Lewi* Hesea»ch Conte Clev» and Ohio 

OPERATING CHARACTERISTICS Of A LARGE BORE 
ROLLER BEARING TO SPEEOS Of 3 TIMF S 10 TO THE 

6TH POWER DN 

Fredrick T Schuler Teb 19 79 32 p »efs 

iNASA TP 1413 l 3bb7i Avail NTIS h. A03 AC 1 CSCL 

131 

A 118 millimeter bore lolie t>ea»iny w«i» studied pj'4 
metrically at speeds fiom 10 000 to 2S 500 rpm The bearing 
had a found outer ring inot preloaded) and provisions were 
made tor iubru abon and cooling through die mne' nog In some 
tests the outer nt>g was al&' noted The beating t an &ut< essfuliy 
at 300 00 DN with very small evidence uf cage slip Luad 
which Adi varied bom 2200 n B900 newtons bOO to 

2000 Ibl hail no effe< t on tM*drm t > temperature or rage Sup 
owe» (he speed range tested heating t« mperatuie waned inversely 
with rage slip for al* test conditions C«nilMig the outer ring 
dec 'eased ts tempei atiue hut increased die mne» ring tempera 
tire Heat rejected to the lubricant 'power lust* within the hearing) 
increased With t ►*_.*• » Shah sprvtri §nu total ill flow rate to the 
mne* ring Author 



N79 22476* National Aeronautics and Space Admimstiation 
Lewis Research Center Cleveland Ohio 

SHAFT UAL ASSEMBLY FOR HIGH WEED ANO HIGH 
PRESSURE APPLICATIONS Patent 

William F Hadt and Lawrence P Ludwig, inventors (to NASAI 

Issued 20 Mar 1979 7 p Filed 8 Jul 1977 Supersedes 

N77 27404 (16 18 p 23901 

(NASA Case LEW 1 1873 1 US Patent 4 146 058 

US Patont Appl SN 814006 US Patent Class 27 7 62 

US Patent Class 277 96 II Avail US Patent and Trademark 

Office CSCL 1 1 A 

A seal assembly is provided for reducing the escape of fluids 
from between a housing and a shaft rotably mounted in the 
housing The seal assembly comprises a pair of seal rings radiantly 
connected to each other and disposed m side by side relationship 
In each seal ring both the internal bore surface and the radial 
face which tacas away from the other seal ring are provided 
with a plurality of aqui spaced recesses The seel feces referred 
to are located adiacent a seating surface ot tne housing Under 
normal operating conditions the seal assembly is stationary with 
respect to the housing and the recesses generate life keep the 
assembly spaced from the rotating shaft and allow slip therebe 
tween The seal assembly can seize on the shah and slip will 
then occur between the radial faces and the housing 

Official Gazette of the US Patent and Trademark Office 


N79 22618*0 National Aeronaut cs and Space Administration 
lewis Research Cents' Cleveland Ohio 

OPERATING CHARACTERISTICS OF A CANTI 
LEVER MOUNTEO RESILIENT PAD GAS LUBRICATED 
THRUST BEARING 

Zolton N Nemeth Washington Apr 19 7 9 30 p refs 
(NASA TP 1438 E 98151 Avail NTIS HC A03/MF AOI CSCL 
131 

A resilient pad gas thrust bearing consisting of pads mounted 
on cantilevei beams was tested to determine its operating 
charactenstir The bearing was run at a thrust load of 74 newtons 
to a speed of 17000 rpm The pad film thickness and bearing 
friction torque were measured and compared with theory The 
measured film thickness was less than that predicted by theory 
The bearing friction torque was greater than hat predicted by 
theory Author 


N79 22519"* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPARISON OF ANALYSIS ANO EXPERIMENT FOR 
SELF ACTING SEALS FOR LIQUID OXYGEN TUR 

BOPUMPS 

Gordon P Allen Api 1979 15 p refs 

iNASA TP 1443 E 9806i Avail NTIS MC A02 Vtf AOI CSCL 

131 

Two LOX tu'bopump applications wem analyzed over ianges 
of pressure differential and speed Predictions we'n rnmpj'cd 
with test results A smalt seal was analyzed up tc 11*1 n, sec 
and 310 N sq cm diffe'ential ano a larger seal up to 147 m/sec 
and 448 N/sq cm Tests confirmed ana'ytical predictions of 
operation without rubbing contact The seals evidently operated 
with mostly liquid in the pads and mostly gas across the dam 
although the best prodiction of trends was based on assuming 
gas throughout the entire seel Author 


N79 23430*# National Aeronautic* and Space Administration 
Lewis Research Centei Cleveland Ohio 

TWO DIMENSIONAL RANOOM SURFACE MODEL FOR 
ASPERITY CONTACT IN E LASTOHYOROOVNAMIC LU 
BRICATION 

John J Coy lArmy Av at ion He* and Develop Command 
Oevelandl and Soever M Sidik 19 79 31 p 'e'» Presented 

at tire Intern Conf on Metrology and P'opeit.j* u* 1 ngl Surtai e* 
leicestei Ingland 18 70 Api 1979 

NASA TFT 79006 AVHADCOM TR 78 48 I 9265 1 Avail 
NTIS HC A03 MF AOI CSCL 11H 

Relations for the asperity cuntact time function during 
elastohydrodynamir lubn. etion of a trail bearing a'r piesented 


The analysis is based on a two dimensional random surface model 
and actual profile traces of the bearing surfaces are used as 
statistical sample records The ’esults of Ihe analysis show that 
transition from 90 percent contact to 1 percent contact occurs 
within a dimensionless him thickness tango of epprosimetely 
four to five This thickness ratio is several times large than 
reported in the literature where one dimensional random surface 
models weie used It is shown that low pass filtering of the 
statistical records will bring agreement between the present results 
and those in the literature Authoi 


N79 24360*# National Aeronautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

DIAGNOSTICS OF WEAR IN AERONAUTICAL SYSTEMS 

L D Wedeven 1979 5 p tefs Piesented at the 15th 

State of the Art Symp on Coriosion and Wear Washington 
D C 4 6 Jun 1979 sponsored by ihe Am Chem Soc 
iNASA TV 79186 E 052' Avail NTIS HC A02/MF AOI CSCL 
20K 

Maintenance costs associated with the transmissions and 
dove tram gieally increase tne maintenance burden and failure 
risk Detection measurements tall under two general categoi es 
of vibration and particle d-decto's The latter are moie amenable 
to .'v-km weai Wear debus analysis can 'upply a great deal 
of information such as particle concentration rate ot change in 
roricentra.ion composition particle size and shape principal 
metals etc It is not economically feasible to monitor all vanables 
Ai least one role of the lubrication and wea> specialist is to 
provide guidance in selecting ihe most appropriate variables to 
monitor RES 


N79 28664*4 National Aeronautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

i LASTOHYDROO YN AMIC FILM THICKNESS MEASURE 
MENTS OF ARTIFICIALLY PRODUCED NONSMOOTM 
SURFACES 

C Cusano (Illinois Umv Urbanal and L D Wedeven 1979 
47 p refs Purposed for presentation at Joint Lubrication Conf 
Dayton Ohio 16 18 Oct 19 79 sponsored by Am Soc of 
Lubrication Engi and the ASME 

(NASA TM 79214 f 99771 Avail NTIS HC A03 MF AOI 
CSCL T 1 H 

Optical mteifeiometiv is used 10 messute the viastohydrodyna 
true 'EHDI him thickness associated with artificially pioduced 
nonsmooth surfaces The nonsmooth surfaces are produced by 
modifying the surtar es of highly polished balls with "egulanties 
in the form ol multiple grooves and dents By closely spacing 
these irregular res it is possible rot only to produce depressions 
on the surface of the balls but also to generate pseudo asperities 
The average roughness wavelength of this ailificially produced 
nonsmooth surface appioa nates the average fundamental 
roughness wavelength found on surfaces ot some meihamcal 
elements opeiating unde' com enbated contact By comparing 
the measured film thickness profiles to the stylus traces of the 
I'regulauties it was possible to observe the local defoimations 
associated with micto f HD pressure generation In both pc» 
rolling and puie sliding conditions the artificially pioduced 
asperities a'e defoimed and complete sepa'ahon eatsts between 
them and the mating sudace Such findings femonst'ale the 
importance ot local Surface topography and re* ng micro EHD 
effect* on the film thickness between rough surfaces in 
concentrated contact Sliding data ate piesented which demons! 1 
ate a seve'e constnction caused by the it>egularihe* at the 
eeit ol the He't/ian region Author 


N79 31604*# National Aeronautics and Space Administration 
Lewis Resea" n Center Cleveland Ohio 

evaluation of high contact ratio spur gears 

WITH PROFILE MODIFICATION 

Dennis P Towsend Beri B Babe* 'Southwest Research Inst 
San Aiifpruo Tea 1 and And'ew Nagv (Southwest Research Inst 
San Antonio Tea Sep 19 79 24 p tefs 
NASA TP '458 t 9949' Avail N'IS HC AOI MF AOI CSCL 
T 31 
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StlOong tests fatigue tests and Single tooth (tending 



fatigue teats were conducted with tout sets of spui geats of 
standard design arid three .ets of spur gears of new tooth form 
design The new tooth form and standard gears scored at 
arprommately the same gear bulk temperature of 409 K 1277 Fl 
The scoring load for he new tooth form goars was 22 percent 
less than that for the standard gears The pitting fatigue lives of 
the standard and new tooth form gears were statistically equal 
for equal Hem stress while the surface fatigue life of the 
nw tooth form gears was apprommately five times that of the 
standard gears at the same load The standard gears failed at a 
17 percent higher bending stress than the new tooth form gears 
when stress was calculated by the A3MA nethod However 
the difference is not statistically significant The standard gears 
failed at a tooth load 1 9 times that for the new tooth form 
gears Author 


N79 31606*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

firrographic analysis of wear debris from 

FULL SCALE BEARING FATIGUE TESTS 

William R Jones Jr and Stuart H Locwenthal Sep 1979 
1 9 p refs 

IFJASA TP 1511 E 98271 Avail NTIS HC A02/MF A01 CSCL 

131 

The Ferrontaph was used to determine the types and quantities 
of wear particles generated during full scale bearing fatigue tests 
Deep groove ball bearings made front steel were used A tetraester 
luOi leant was used in a recirculating lubricant system containing 
a 49 micrometers absolute filter Test conditions include a 
minimum Hertz stress of 2 4 GPa a shaft speed of '5 000 rpm 
and h lubricant supply temperature of 74 C i 165 FI Fou' fatigue 
failures were detected by accelerometers in this test set In 
general the ferrograph was more sensitive (up to 23 hrl in 
detecting spall initiation than eilhe' accelerometers or the normal 
sepectrographic oil analysis Four particle types were observed 
normal rubbing vveathe. particles spheres nooferrous particles 
and severe wear r spall) fragments Author 


N79 32662** National Aeronaut s and Space Administration 
Lewis Research Center Cleveland c no 

COMPARISON OF PREDICTED AND MEASURED ELA6 
TOHYDRODYNAMIC FILM THICKNESS IN A 
20 MILLIMETER BORE BALL BEARING 

John J Coy Rama S R Gorla (Cleveland State Univ Ohio! 
and Dennis P Townsend Oct 1979 29 p refs 
(NASA TP 1542 AVRADCOM TR 79 20 E 9992) Avail NTIS 
HC A03/MF A01 CSCL 13l 

Elaatohydrodynamic Mm thicknesses were measured for a 
20 mm bore ball bearing using the capacitance technique The 
bearing was thrust loaded to 90 445 and 778 N 1 20 100 
and 175 lb! The corresponding minimum contact atrest on the 
inner race was 28 2 09 and 2 45 GPa 1185 000 303 000 
and 356 000 psd Test speeds ranged from 400 to 15 OOO rpm 
Measurements were taken with four different lubricants 
111 synthetic paraffinic 12 synthetic paraffinic with additives 
(3! synthetic type II aircraft oil and i4 synthetic cycloaliphatic 
hydrocarbon traction fluid The test bearing was oust lubricated 
Test temperatures were 27 65 and 121 C (80 150 and 
250 Fi The measured results for the various test parameters 
were compared to theoretical predictions from computer programs 
Also the data were plotted on dimensionless coordinates and 
compared to several classical isothermal theories Author 


N 79 33476** N ational Ae’onautics ami Spa< e Administration 
Lrwis Research Center Cleveland Ohio 

TRACTION D4IVE PERFORMANCE PREDICTION FOR THE 
JOHNSON AND TEVAARWERK TRACTION MODEL 

Joseph L Tevaarwerk Washington Oct 19 79 4 1 p refs 

NASA TP 1530 \ 03J> Avail NTIS hC A03 ME A01 CSCL 
131 

The fluid rheology model is used to investigate the traction 
behavior for typical traction d*ive contacts The aspect »atro o* 
the contact and the invariably present spin a't* investigated 
Contacts with a io* aspn t 'abo predn t a super or performance 


in that they show less slip for the same degree of traction 
Spin always has a diminishing effect on the traction at the 
same slip At sufficiently high spin the model may be simplified 
1 3 a limitmq shear stress model The conventional rigid plastic 
analysis applies here equally well K L 

N 79 33476*0 National Aeronautic i and Space Administration 
Lewis Research Center Cleveland Ohio 

CORRELATION OF ASPERITY CONTACT TIME FRACTION 
WITH ELASTOHYDRODYNAMIC FILM THICKNESS IN A 
20 MILLIMETER BORE BALL BEARING 

John J Coy Washington Oct 1979 21 p refs 
l NASA TP 1547 AVRADCOM TR 79 26> Avail NTIS 

HC A02/MF ACT CSCL 131 

Elastohydrodynamic film thicknesses and asperity contact time 
fractions were measured for a 20 mm bore hall bearing by 
using the capacitance and conductance techniques The hearing 
was thrust loaded to 90 445 and 778 N The corresponding 
maximum stresses on the inner race were 1 28 2 09 and 
2 45 GPa The test speed ranged from 400 to 15 000 rpm 
The test hearing was mist lubricated with a Mil L 23699 A turbire 
oil The temperature was 27 C The experimental results were 
correlated to give the percent film (no contact time fraction) as 
a function of measured film thickness Measurements were made 
for three test series that lepresented the rest bearing in various 
conditions of run in The measurements show that the percent 
film changes with bearing run in time The experimental results 
agreed well with theoretical predictions based on surface trace 
analysis for a new hearing For the run in state they agreed 
with previously reported experimental results The results show 
thai asperity contact existed at a film thickness roughness ratio 
lambda of 6 0 or less for a new hearing After run in no asperity 
contact occurred at a lambda of 3 5 or greater Author 

N79 33477* * National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

NASA GEAR RESEARCH AND ITS PROBABLE EFFECT ON 
ROTORCRAFT TRANSMISSION DESIGN 

Erwin V Zaretsky Dennis P Townsend and John J Coy 1979 
19 p refs Presented at the Meeting on Helicopter Propulsion 
Systems Williamsburg Va 6 8 Nov 1979 sponsored by Am 
Helicopter Soc 

(NASA TM 79292 E 235) Avail NTIS HC A02 ME A01 CSCL 
131 

The results of the NASA gear research is reviewed as well 
as those programs which are presently being undertaken Research 
programs studying pitting fatigue gear steels and processing 
life prediction methods gea' design and dynamics elastohydrody 
r amic lubrication lubrication methods and gear noise a f e 
presented The impact of advanced gear research technology on 
rotorcrah transmission design is discussed M M M 


A 79 10038 * Liquid cooling technology for gat turbines 

Review and status G J Va- Foss**' Jr iNASA l •*.*. R**sea»c^ 
Center Cleveland Oh.o US A»my Propulsion Laboratory St 
Louis Mo I and F S Stepka (NASA Lewis Research Center 
Cleveland. Ohio) In Inttrsooety Energy Conversion Engineering 
Conference 13th Sa»’ Dieqo. Cal f August 20 25 19/8 Proceed 
mgs Volume 1 iA/9 10001 01 44 Warremlah Pa Society of 
Automotive Engineers, luc 197R p 262 771 40 •• 1% 

After d hr if f n*v rv. of past r"m!s nvulvaiy ihr toned 
convection cooling of gas turbines the paper survey Th»* stair nf the 
ar f of the liquid cooling nf gas tyrh nes Emphass * piared on 
fhermotvphon methods i* tool nq 'icluding "i >se ’ : nq « los* i 

open and closed loop thermosyphons other methods including 
swea' sp'av and stator fuelling are als; dst'wssed The more 
significant research efforts design datj i m relations a * diulyf i 
methods are mentioned and voids i t ter hnoloqv are sumruar '/eci 

B J 
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A79 11545* * The practical impact of elastohydrodynamic 
lubrication VV J Anderson (NASA. Lawn Research Center. Cleve 
land. Ohio) Leeds Lyon Symposium on Tribology. 5th, Leeds 
England. Sept 19 22. 1978. Piper 13 p 55 refs 

Elastohydrodynamic lubrication ha» had its most significant 
impact on, among all the types nf concentrated contact mechanisms 
rolling element (tear mgs EHL technology, through its inclusion in 
computei codes. now provides ur. with more effective methods for 
optimizing bearing design ana for predicting tearing life, power loss, 
temperature and dynamic behavior Bering life prediction has 
advanced to a much more sophisticated level as compared to the 
calculation of fatigue life based on Lundberg Palmgren theory 
Apph cation of elastohydrodynamics to gearing has, more or less 
been limited to the calculation of pitch point film thicknesses 
Techniques for calculating fi'm thicknesses over the entire range of 
tooth meshes tor arbitrarily shaped gear teeth (nonmvolute. spur, 
helical etc.) need to be developed Elastomer seals with both 
unidirectional and reciprocal ir»g motion offer a fruitful application 
for th* elastohydrodynamics of low modulus material' (Author) 


“79 12850 * Ceramics for the advanced automotive gas 

turbine engine A look at a single shaft design S M Nosek (NASA 

Lewis Research Center Cleveland. Ohio) In Ceramics fo» high 
performance applications II Proceedings o* the Fifth Army 
Materials Technology Conference Newport R I March 21 25 
1977 <A79 1?B04 02 37) Chestnut H.li Ma s Brook H. II Publishing 
Co 1978 p 959 972 

A single shaft teqenetahve design with a smqie stage 'adial 
turbine is analy/ea *n terms of achievable fuel economy tor the rases 
nt both limited and unlimited turbine t'P sf***d and regenerator inlet 
temperature Th* 100 hp engine tor a 3500 lb automobile is designed 
to use gaso^ne Fuel economy data and operating par ampler s *»re 
presented tor different values of furl nr e inlet temperatures, and 
turbme \tres\ estimates and ceramic design stress estimates are 
discussed M l 


A/9 12851 * Ceramic applications in the advanced Stirling 

automotive engine W A Tuma/ic anil J E Ca'»etli (NASA Lews 
Research Center Cleveland Ohm! In Ceramics tor h-gh per for 
mance applications II Proceedings of the Fifth Army Mateiiah 
Technology Conference Newport R I March 21 25 1977 (A 79 
1?804 02 37i Chestnut H.H Mass Brook Hill Publishing Co 1978 
p 973 987 

The requirements of the .deal Shrimp cycle as well as t*as»c 
tvl*r -it piji t < j* ••»»q • es a«e desr»ilieil Advantages dvadvantages 
ami s " . it i • * r» ,urj\ »it these Stirling engines a»e J-srussed The 
potent a! Li* ce*amu components -s also considered Currently 
• etam.cv are used <n on'v two areas the an preheater arid insulating 
t'les tietw»*e' the bo'iie* j»iit the heate* tiead f o* the advanced 
St •• • M ( j in i up to achieve t» gh ett-oency and low cost the prmr pal 
components die »- » j *•«. t»-il to t»e marie from ceramic mate» a's 
••Lhidnig the • eatr* 1 head 4 '* p»rheate* regenerator the trurnei ami 
pi# pi *we i ' Support .q »eieaii'h and technology programs tm 
it- jtii'i t(»' v ( , i , ne"! development jiepiietly di*S("tH*r| lA.ithnr 1 


A79 14797 * Ion beam sputtering if ftuoro polymers J S 

Sovey (NASA Lewi* Research Center Cleveland Ohiol Ame/nan 
Vacuum Sot'ery National Vatim'" Symposium 25th San I ram is 
<v Calif Nov 28 Dei 1 1978 Pai>n 14 p 17 rets 

Etching a»n1 deposition of *luo»opulyme»s J»e of consider elite 
industrial interest tor appl iCalmns dealing with adhesion, chemical 
inertness, hydrophobic *ty . and dielectric properties This paper 
describes ion tie am sputter processing rates as well as pertinent 
Characteristics of etched targets arnl films An *i tun ion team sourci 
was user! 1i» spuftei etch and depos t the tluoropolymer s PT F F FE P 
and ( Ti'E Ion beam energy cu»re»’t drnsity and t a' Qet temper .!»„•- 
were vJ"ed to examine effects on etch a»‘d deposition rates T*r 
etcher! Uuompo 1 yme»s yield corse o» spire like surface So nr 
which va>v depending upon the type id polyme* ion t>*a» ?i ■ »e* 
density etch t me amt ta'gef temperature Also presented 


sputter target and film character istics wmch wine documented by 
.pectral trantmttance measurements. X ray diffi action. ESCA. and 
SE M photomicrographs (Author) 


A79 14950 * * Proposed design procedure tor transmission 

shafting under fatigue loading S H Luewenthal (NASA Lewis 
Research Center Cleveland Ohm) Illinois Institute of Technology 
Annual Meet.ng of the National Confrreixr on Power Transmission 
5th Philuteiphia Pa Nov 7 9 1978 Pipe* 10 p 13 rets 

The B106 Mme'ican National Standards Committee is currently 
IMepannq a new standard for the design of transmission shafting A 
design procedure, proposed tor use rn the new standard, for 
oomputinq the diameter of rotat g solid steel shafts under combined 
cyclic henclmq and steady torsion is presented The formula is tiased 
on an ellintical variation of endurance strength with torque exhibited 
by combined sties* fatigue data Fatigi* factors are cited to correct 
specimen bending endurance strength data for use in the shaft 
fcrmula A design example illustrates how the method is to tie 
applied (Autiior) 


A79 16663 * Sputtering technology in solid film lubnca 

bon. T Spalvms (NASA Lewis Research Center. Cleveland. Ohio) 
In International Conference on Sol'd Lubrication, 2nd. Denve* , 
Colo . August 15-18. 1978, Proceedings ( A 79 1665 1 04 27) Park 
Ridge, III., American Society of Lubrication Engineers. 1978, p 
109 1 17 13 refs. 

Current and potential sputtering technology is reviewed os it 
applies primarily to the deposition of MoS2. thouqh such lubricants 
as WS7 and PTFE are also considered. It is shown by electron 
microscopy and surface sensitive «n alybral techniques that the 
lubrx .it ng properties of sputtered MnS? films are directly influenced 
tiy the sputteimg pjiamelers selected (i.e . power density, pressure, 
sputter etching, dc biasing, etc ), substrate temperature, chemistry, 
tonogr.iphy. and environmental Conditions during the friction test 
Election mtcmqraphs and dif fraefograms of sputtered MoS? Til ms 
clearly show the resultant changes in film morphology which affect 
film adherence and frictional pr o|ier ties B.J 


A79 16664 * Aplicabon of ESCA to the determination of 

stoichiometry in sputtered coatings and interface regions D R 

Wh eler (NASA L"ws Research Center. Clevi'land, Ohio) In 
International Confeie .*;• on Solid Lubrication, 2nd. Denver, Colo , 
August 15 18 1978. Proceedings i A 79 16651 04 ?7) Park Ridge, 
i American Society n' Lubrication Engineers, 1978 p. 118127 
21 refs 

X iay Phntoelei tion Spr*t troscopy (XPS) was used to character 
/i r.i'l <ifrec|u»*nc> sputter deposited f-lms of several refractorv 
Compounds Both th* Ujlk f.<-n p»i»|>eit'*s such as purity and 
st< * rhinmepy and the rhjr.K t** * ..t th* nter*a« a! teqion t a* tween the 
film ar«d sututratc were odminerl The materials wi * •• CrB2, MoS2. 
M .i"d Mn?B5 deposited m 440C steel It was found that 
nn y gen from the sputtering target was the pnmar impurity in all 
i ases H j\ioq rnpn ives Thi tilm punty The effect ut b'asmg on film 
•.’inch"imet»> s <1 fteien? ’ r . m h ( propound Companion of the 
nterfatul . umposit on wfh fr.ction data suggests that sdheSion of 
the** films is improved >♦ a region of mixed film and non oxides can 
lie formed ( Author ) 


A79 16678 * Graphite fiber reinf or cod polyimide liners of 

various compositions in plain spherical bearings H E Sliney and T 
P Jacobson (NASA Lewis Research Center. Cleveland, Ohm) In 
International Confetenci ur Solid Lutv icabor*. 2nd. Dfnve*. Colo. 
August 15 18 1978 Proce cJmgs (A 79 16651 04 27) Park Ridge 
III American Sen *-ty of Lubrication Engineers. 19^8. p 258 267 
20 rets 

Compos-. es made of graphite fiber reinforced pcnymide 
(GF RPH w Th a filler resin ratio (by weight) o* about 1 were 
evaluates! as molded outer rare line's »n plan spherical bear mgs 
Several Compositions were examined two types o* polyimide 


li 



(adi.tion and coidrnsation polymers). two type of graphite* fiber 
(high hhI low modulus) and four powder additives (CdO, Cell?. 
(CF1 )n. and MoS?) Friction and wear were measured during 
ow .ation at 25. ?00. and 316 C. It is shown that all compositions 
provided good lubrication in dry an, that neither type of polyimide 
or qraphite fiber nor the additives gave a clear advantage, and that 
wear rates wer* tlways higher during run in. before condltior.s 
stabilized. It is c eluded th«t GFRMI oomposites are self lubricating 
under all but the most extreme moisture free conditions at 25 C The 
additives are helpful only witt very high loads oi extremely dry 
environments. SO 


A79 20700 " Energy conservation through staling tvchnol 

ogy W K Stair (Tennessee. University. Knoxvile, Tann.) and L P 
Ludwig (NASA, Lewis Research Center, Cleveland. Ohio) (American 
Society of Lubrication Engineer* Annus Meeting 33rd. Dearborn 
Mich Apr 1 7 20 1978 .1 Lubrn atio'i Engine* mg. vol 34 Nov 
19^8 p 618 624 12 refs 

Improvements in fluid film sealing resul'mg from a proposed 
n-siMich program could lead 1o an annual energy taking, on a national 
basis, equivalent to about 37 million bbl of oil or 0.3% of tbe total 
US energy consumption Further the application of known sealing 
technology can lesult in an annual saving of an additional 10 million 
bbl of od The energy saving would l>e accomplished by reduction n 
process heat rneigy loss, reduction of frictional energy grr.er !td, 
and minimization of energy required to operatt ancrl ary equip ent 
issortjt.fi with the seal system In addition to energy saving ost 
effectiveness is further enhanced by reduction in maintenance t d in 
minimization of equipment for collecting leakage an«i for n._Jtmg 
environmental pollution standards (Author) 


A79 23229 ’ Elastohydrodynamic lubi cation of elliptical 

contacts for materials of low elastic modulus II Starved conjum 
lion B J Hamiock (NASA Lew s Res* arch Centn Cleveland 
Ohio! and D Dos/son (Leeds University, Leeds England) American 
Society of Mechanical Engineer v and American Society nt Lubrica 
t/on Engineers Joint Lubrication Conference Mmneapjh* Mnn 
Oct. 24 76, 19/8. ASML Paper 78 Luh If pi? refs Memtirts 
SI SO. nonmembets. $3 00 

The study evaluates the eflcct id lubricant Starvation on 
minimum film thickness m starved elliptical elastohydrodynamic 
conjunctions lor materials of low elastir modulus I ubneant starva 
lion is studied simply by moving the inlet tx>unda*v closet to the 
center of the conjunction A simple expression is presented for she 
d»mensninless inlet boundary distance this mlet boundary distance 
ile tines whether .i fully Horded nr a star vert condition exists *n the 
conjunction A fuimula foi th* minimum film thickness under the 
starvation condition *s derived Contour plot* of the pressure and 
film thickness •» and around th* i uniat f ate presented foi both the 
fully flooded and sta*vet| lubrication c onditions It is shown that th«- 
inlet pressure i ontours bee nmr less •’irculai ami that the him 
thickness ilectrasrs sufrst.mt ally W'th mrira*. ng sla'vjt">r. seventy 

SO 


A/9-23236 * Stiffness of straight and tapered annular gas 

path seals D P firming (NASA Lewis Research Cent ft. Cleveland 
Ohio! American Smutty Of Mmhamcaf Engineer s anJ American 
Six >ety of Lubrication Engine***. Joint intern at nm Conference. 
Minneapolis Minn. Oct 24 26 1978. ASME Patter 78 Luh 18 6 p 
18 »efv Members $1 60 nonmerntrrs. $3 00 

Radial stillness of annular (ring t>|M-) gas path v* alt is calculated 
for tK)th constant clearance designs arid tapned designs for which th. 
inlet t.leai ancr is large* than th« nutlet clearance Under some 
conditions a constant cleat arue seal can have a negative stiffness, this 
undesirable property 1 a n I* completely eliminated by use of tapered 
seals Leakage <ates are only m-xlerately higher *n tape'tfd veals 

I Author I 


A79^23237 • e Effect of geometry on hyrirodynamc film 

thic^neM D E Brewe (US. Army, Air Mobility Research and 
Development laboratory. Cleveland. Ohio). B J Hamrock (NASA. 
Lewis Research Center, Cleveland, Ohio) and C W Taylor (Leeds 
University. Leeds. England) American Society of Mechanical 
Engineer s and American Society of Lubrication Engineer*. Joint 
Lubrication Conference. Minneapolis. Minn Oct 21 26. 1978. 
ASME Paper 78Lub24 7 j 18 refs Members, $1 SO, nonmembers. 
$3.0u 

The influence of geometry on the isothermal hydrodynamic f ilrr 
terara'ino .wo rigid solids was investigates Pressure viscosity effacts 
were r.ot considered Th.* minimum film thickness it derived for fully 
Hooded conjunctions by using the Reynolds boundary conditions It 
was found that the minimum film thickness had the same speed 
viscosity, and load dependence as Kapitza's classical solution 
however the incorporation of Reynolds boundary conditions 
resulted in an additional geometry effect Solutions using the 
parabolic film approximation are compared with those using the 
exact expression for the film in the analysis Contour plots are shown 
that indicate in detail the pressure developed between the solids. 

(Author) 


A 79 23246 * Filtration effects on ball bearing life and 

condition in a contaminated lubricant S M Lor-wenthal (NASA 
Lewis Research Center ClewiljruJ. Ohio) and D W Moyer (Tnbon 
Bearing Co Cleveland Ohio) American Society of Mechanical 
Engineers and American So* iety pf Lubrication Engineers Joint 
Lubrication Conference Minneapolis Minn Oi t 24 26 1978 

ASMf Paper 78 Luh 34 6 \> 70 n-ts Memtx • $1 60 >nmeml» 

$3 00 

Bail hearings weie fatigue tested with ,i nnneonrammated 
Mil L 73691 .tihm.m! and wth a eontamu ijted Mil l 23699 
lubricant under foui levels ol filtration The test filters hail atnolute 
particle removal »atmg. of 3 30 49 and 106 microns Aircraft 
turbine e*igme contaminant*- were .njertnl mtn ttn f*l t<-» s supply 
line at a runs tan* 'ate of 1 26 milliq*.m>s pet l>< a* • • »»| hum B*.»"ng 
life anil running tiaik conditu * qrnii.tlly improved with fmei 
filtration The eAp**i imrntel lives of 3 and 10 rmuiin fill*-* tx-aring* 
were stat stirjlly equivalent appro.x hing those obtained with th* 
noncontammated lubnrard lie.uin<£ Compared to tliese bearings tin 
lives of the 49 mi mn t rearing* vve*e • .illy 1 iwe* T h« 

105 micron lieanngs experienced quits wear The degree id surfai i 
distress weight loss jud probable tjilur*’ mode wet* ilepetujen* m 
tilt i at -on level wth f * » • filtratuin tv rg rle.tdy tx * < <ai l Auft* •* I 


A79 23251 * Some loads limits and self lubricating proper 

ties of plain spherical bearings with molded graphite tib* • 'orced 
polyimide liners to 320 C H f S> * • « (NAl^A . *. R* •.*•.* • 
La* i tri Cleveland. Oh*nl 4/ tern t U‘ Sm *er» nt l . t hi alum i in/nuni 
and Ameiu an Sockets of M*\ham* .#< I ngmecu Jmnt Lubrication 
Conference Mint eainus M nn Ui t 24 76 19/8 ALL E Pieiuun 
78 LC SC 2 b,i I irt*. 


A, 9 2326 7 * Elastohydrodynamic film thickness measure 

men ts of artificially produced surface dents and grooves l) 

Wedeven (NASA Lewis MeseaH f' Cenlei Oe** .ml Ohi I an.f C 
Gisano (Illinois University Urbana. Ill I Ametnan Son* tv • 
Lubrication ingmeer* ant Amt r nun Soi irty of Met harm a f ngi 
nrer* Joint LuOr>i atum Conference Mmneaput % Mnn (at 24 26 
1978 ASLE Preprint 78 LC 1A 1 1 7 p lets 

t i.ntohydiudynami' (l Hl)i f*im d< knrss measurements usng 
opt • a> Oder tei onset i v have Ix-en mad* ••( addina" p"idu« rd dri ts 
a*»«1 g*odves urale* rulhng *»»'d sliding • » »* • I t • . 1ri*-s* ir*e.i 

menu a»e l omparet) »< ’»Iu. !'a«*‘ •' Hie it*-’ ' and *|* JO » profile 
In ifeteimme th« I « j* .i <la fuiiii u jssoi » jtrd w*th rnioy IHD 
pressuie g«-*i *•*<» i* T •»« \u*ta * -r ■ , *, •< ju t rli it** i\* ’ 

and grooves *s >*•* ♦. Iri Mine nt aiau ly n> . v»-il m tf»« i.ili 1 jt ti 

process dscl* it rating local piessun .at'nns that ..distant all* 
dehjin the Iin a* su*fac» g** »n*»*f» , |i.i ' i a* v r t* s i * r I • g 

c nod- t ons T hi- *./ll *»g »su’!\ ».a.» 
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initiated fatigue and the sliding results shew clearly tha END surface 
interaction! that mutt occur prior to scufung failure (Author) 


A 79 24036 * a AnalyutrJe.ign of itnp reinforced random 

oomponte! /«tnp hybrids/ C C Cham is and J H Sinclair (NASA 
Lewis Research Center Clave. and Ohio) American Society of Mr 
channel Engineers ft.nter Annual Meeting San Francisco Cehf 
Pe* 10 1b 1978 Paper Tip 6 refs 

Results are describe'* which were obtained by applying advanced 
analysis methods and composite mechanics to a strip reinforced 
random composite s juare panel with fined ends This was done in 
order to illustrate t’»e use of these methods for thr apnon aitestment 
of the compost* -ntl when subjected to complex loading condi 
lions The pan* istumed to be of E Glass /Random Composite 

The strips eere . .umed to tie of three advanced unidirectional 
composites ro cover a range of iuw intermediate and high modulus 
stiffness f hr panels were assumed to tie subjected to complex 
loading* to assess their adequacy as load carrying members in auto 
body aircraft engine nacelle, and windmill blade applications The 
mints show that strip hybrid panels can be several times more 
si’urturally efficiert than the random composite base materials 
borne of the results are presented »n graphical form and procedures 
are described for use of these graphs as guides for preliminary desiyi 
of strip hybrids (Auihor 


A79 24121 * The use of ion beam cleaning to obtain high 

quality cold welds with minimal deformation B L Sater and T J 
Moore (NASA Lews Hesea*ch Center Cleveland Ohio) In Mj' 
rials syncryisms Proceedings of the Tenth Navtonal Technical Cord* ’ 
•nee Kiamesha Lake N V. October 17 19 1 97 B 'A79 74076 06 
311 A/us.s Cald Society for the Advancement of Material end 
Process Engineering. 19/R p 548 560 9 ref-. 

This paper di scribes a variation of cold welding which utih/es i 
ion beam to Clean mating surfaces prior tu joimnq m a vat u ■ 
environment Higti quality solid state welds were {Mudocett wlh 
minimal deformation Due i.» experimental hxtuii limit, n 
applyng pressure work has been i mded *.o a few low y«ld •' c-yth 
materials lAulhwl 


A 79 75103* Use of a nitrogen argon plasn.* to irtipron 

adherence of sputtered titanium carbide coatings on sti«*l W A 

Biamard and D R W*»eetei (NASA lews Research s'-ntei 
Cleveland Ohio* Journal of Vacuum Sciem e am Tachmi/ui/y * 

16 Jan Feti 1979 p 31 36 1 7 refs 

Friction and weai e »jjti iments on 440 C strel suttai es that had 
liren RF sputtered with titanium carbide wnen a small iNuttntagr I 
nitrogen was added to the plasma weir t umJut ted X iav Phi * relet 
tion spectroscopy and X -ay diffractrur weir u*ed to a« i i.'e if* 
resultant cualingi Rrsults indicate »nat a small p*: t 4 ' p'r.suir ♦ 
nitrogen (about 0 b"s I markedly mprovrs the adhrirme f * . c t n - 
and wear properties when compared with loat'ngs epphtd • 
sputter etched ux'd'/ed suffer fs or '»» tf»e present e . ' a small u» vgen 
partial pressure 1 »*e mp" -vemrots air related to the ' irmat- * a" 
inter late i odta rung a m,MU»e o* thr nitrides •’ ’ » ar jm a 
which aie tijulri »nan fh#.-ti ua.rsno ijing »• Jr\ D * 


A 79 30396 * Industrial potential umi and performance of 

sputtered and ion piaAed filrm T Spa 1 v ns (NASA Lawn Res*j i n 

Gen in i Cl v aland Ohm) of Vetum Luster % Annua - 

Technical Contgrenca 22nd \ew Or ram *.a Mai 28 30 f S r 9 

Paiiet ’4 p 16 »#fs 

T he sputtering and ion p<at |P *g technology • reviewed n te"*>- 
of potential uses 4'xJ parVtirmanLt Sputte* »»g «s mt regulate: u , 
classical therrrvxlynamics a net Gibbs phas* rule •e»at*ornh ps th. » 
elim,,iat r^ the 'eflncimns *of materieU combinations a»v1 ronse 
quen*ls mjfci'iy putt'Lr 1 * taihnny uf o at ' gs a' » p*t*er ml 
chemical comp 'nation The ’u!ur« • • ipu'te’eu end *. * plated • ms 


for industrial applications is e» peeled to depend pi imar dy on greater 
comprehension of mater als selection, and the utilisation of the 
proper deposition parameters A A 


A79 31368 * Initial companion of M’gls cylinder Stirling 

engine computer model prndiclions with test result! R L Tew. Jr 
L G Thisme, and D Mian (NASA Lewis Research Center. 
Cleveland. Ohio) Society of Automotive Engineers, Congress and 
Exposition , Detroit . Mich fab 20 Mai 2, 1979. Paiier 790327 18 
p 15 refs 

A NASA developed digital computer code for a Stirling engine 
modelling the perfumiencr of a single cylinder rhombic drive ground 
performance unit (GPU) n presented end it* predictions are 
compared to test results The GPU engine incorporates tight 
regenerator /cooler units and ftr engine working space is modelled by 
hirteen control volumes The model calculates indicated power and 
tfficiancy for a givm engine speed, mean pressure heater and 
expansion space metal lemp*i#tures end ooolei water irirt tempera 
lure and flow rate Comparison of predicted and observed powers 
implies that the returencr pressure drop calculation* underestimate 
actual pressure d»op (*.iisihly due to oil QontAfTH nation in the 
regenerator/cooler units, methane rout am mat ion m *he working gas 
or the urxler estimation of mechanical loss F or a working gas of 
hydrogen, the predicted values of brake power arc from 0 to 6’’ 
higher then exjret imental va'urn. end l>ra*» efficiency *s 6 to 16 . 
higher, whiit for helium the predicted bratt power a»>d efficiency a«e 
2 to 15°« higher than the experimental A L W 


A 79 32414 * Elastomer muunted ro tors An alternative for 

smoother running turbomachtnvry J A Tec/a S W Jo'ie' A J 
Smalley (Mechann Technnlngy Inc lattiam N Y | R E Cunning 
ham (NASA lewis Resear* h Center. Cleveland Ohio), and M S 
Dar low American Society of Mechanical Engineers Gas Turbine 
ConlemuT and Eahitut and Sola r fne'jy Conference San Diego 
Cald Mar 12 15 19 ^ Paper 79 GT 149 6 p 75 p r*s Members 
SI 50 nonmemliers S3 00 NASA sponsored research 

Thi% pafiei deuinbrs thr itesign uf elastomeric bearing suiqxsrtr 
foi a iotor txjilt to simulate thr power turbine of an advanced 
turhmr engine whirti ti averse! tw*7 bending critxa 1 speeds Thr 
elastomer danipers wer» tonstrui ted so #• tn mmim re rotor dynamic 
« H»nns4- a the critical spc» .!* Result* arr presented of .mhala'sce 
response fits performed with two different elastomer ma’er ah 
Tfiese resjlts showrxf that tfie resri p »ar>* e*. j»r thr rtaitume* rr.ounte*1 
rotor wrrr wel' l»rn|v<l for truth eUitomrr materials and showed 
It* ar rrspoutr to thr unbalance weights usrd for response testir^j 
A * * i unal tests wr*r r prrfutmed using solid steel supports at rdhet 
end (tiand mount ail I which resulted m drastically increased smsdiv 
•tv and nonlinear iesjiu»»w and with strr* s*.pp«'»ts in one end of the 
rotor ,if d thr clast* Kner at t»n jffiri whii fi yielded n «oits w^mh 
,vei. tjrtwaen thr soft a’»<1 t.ant ro«xji !rd ■ ases It >s tone ludrd that 
**lasti >ri*t*r * wil«t>urts s»** a vaMc alten ativi !ci .ithrr mettwxls nf 
mounting flexitiie m’ui t* jt t**^prrig wa w^* 1 ' i r excess of 
l*«rdn tion* an-' tf»at rlastumer supp'Xts a*r tolerant uf small rot'Ji 
misaii ^nrnants ( Aut^ror ) 


A79i499.j* W ide tem».trratur» spectrum self lubricating 

ui atiiKj prepared by plasma sp ia«*ng • I ’.A'jA ( • v. 

Rrvranti n t« ill** 'jih *• A- •’!*•* .rr, L.r. . Sc*irt f a< 
A"‘r'i .i»* '«i *••» > * 'dr' us 'h r iP'i mi .intri, t Mrtalluty< 

' .>at n.i% '.*!■ / ' *• ' • ' 4. 2*2* ''179 /**.'»* Hj 7 • • * 

Sri* I lie I a* | » • »•••*• - t 4 *• •!** ^tr •... 1 
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of mi* hmmr of. s% a'wl i a If mm fluonilr a»e self lubircjbtxj from 
jhoot *00 tn <f00 ( huT tj vf high b iction at the luwei temju'iaturei 
Tfu addition <if %•!*•' ti. I hr n ».»!"*«] composition imn»ov«1 the I ha 

1 1 t Ti | «r r ,it > ir • (■mi »mi| j * > | m*i 1 • • .nil resulted in ( -dings which 410 

V -if liihiK 4> • M| fu.Mi 1 . y.Hii tti* t. npri.-t.iii a to lit Ir ,1 ’ 870 C. they 
41 *• tht'i loir wide »rn j» 1 4I11M .pnttum self lubi u afinq ( (impost 
lions I Autfw I 


A7939B06 * Diagnotlici of wear in aeronautical tytumt l 

D Wadeven (NASA l»«it Research Center. Cleveland, Ohio) 
Amencsn Chmnn.*l Sr>( ier > StJt* of The A.i Symposium on Como 
non and Wear Vfh Washington. 0 C June 4 6, 1979. Paper 4 n 
1 7 ref%. 

The u»r of 4 pnrcpn*if d*agtK>sbc tools fo» a'rcrjh oil we’ted 
Components 1 % reviewed, nctinq that it can reduce direct operating 
costs through reduced unscheduled maintenance particularly in 
heliaopter engine and transmission systems where bearing failure-, are 
a significant cost factor Engine and transmission wear modes ve 
described, and diagnostic m* thods for oil ami wet particle analysis, 
the spec (rennet r ic oil analysis program chip detectors, ferroqraphy. 
in-line oil monitor and '*tK)af*ive isotope tagomq are doomed, 
noting that they are effective over a limited range of particle Si/es 
hut compliment ea» h other if used in paiallel Fine filtration can 
po’entiifly mr.i-ase time between overhauls. but reduce* the effec- 
tiveness of i.onyi r tonal oil monitoiing techniques so that alternative 
diagnostic techm jues must !■ used It is coni luded that the 
development of a diagnostic system should be parallel and integral 
with the development of a mechanical system A T 


A7939H11 * Two dimensional random surface modal far 

Mpartfy contact in elattohv (tody name lubrication J J Coy (US 
Army Propulsion LjiKiratory. Cleveland. Ohio) and S M Sidik 
(NASA Lewis Research O- te» Cleveland Ohio) Inrervetionsi 
Contemn r on M»troU*(jy .»'»./ Profteiftet of £ rhj.'neen'Mj S*trijrrs 
Leu ester t M 1 //. 1 /H Apr Id P0 1979 P*iM?r 71 p 23 refs 

Rnab for (he aqu-r ty contact time fraction during eljstn 
hy Jin lynamn luta'cabon of 4 halt (tearing are prevented The 
4'Mlyi *s liavril < a t wo d-menvmnal random surface model, am) 
actual prof I* Paci-s id (tie te a' ny vu' aces an uwd as -»taf sbcel 
vampli hi , .1 l. T* • • •- .1 <1 1 ^ ut the analys s stwjw dial trar.sit on from 
90 p» •* • ! in* tact tu I prnent (imtart itccurs w thin a dimension 
• ••v I Ir* 1 tfu* t 1 an j* if jjipi f'»u* to f ve This thick ness 

1 .Mic 1 v* * ill t 'Mies la-gri Ilian iqmittil «n the litnjtun Where 

.. 11 m .1 J'ldnm ift.we models wen used It 11 shown ttiat 

Ui w |»i. > filter i (hi .tafist« al records wll bring agreement 

I* twit rr • i>n .* 'if * .. * j*»»i I'.iiy * the literature (Author) 


N79 10473*# A,. l» nmmy D»v Sbatfo'd Conn 

TRAN SM I SSI Oh SI A * DEVELOPMENT Final Report 1 Jul 
1976 30 Apr 1977 

Michae B- r* 0> t 19 7 7 4' p efs Sponsored in part by 

USAAMRDC 

•Cont<a« * S^S3 2004*. 

NASA CP 13 b?7? L >C 7 7 6S A. ail NTiS 

hc A(>3 M* AO 1 CSQ 1 ’A 

A a *; e *a' e*#h atK)^ *#t pe^o'^ad on a high spaed 
72 9 •*•' % ’4 349 h M r. transmission sea* of t*a kvna*gi»tic 

type Du ; fe>f "J o* ff'i* %ea o* ejuage OCCu**ad at potibve 
baa* n y U . e» .*e% Vodif.. aimn . we*e 'nade in an ettampt 
ti e at* e easage t* f r >u*'» iff on*piata>v Sy < essf.il 
leakage appea • t«e the 'n w i uf ij est onatxa pot't.on.ng of 
the sea' • u e a” ants *esulf*ng .1 macP uuat* Shah contact by 
the vile sea* ng #ien»anr Tr « urwl'tion may be 'elated to 
the 1 tyr*ir«.at <n shape of (he e'^sion.aric 'eta*na' amj to 
di.me' Siona t»a'*ges a. . se f try swelling of the elastomeric *eta*na* 
f'u" rtpos e to d»e sea eii t’ ..d ndicat'ons of a spaed dapencJan* 
easage ’a a* ta %»• rye*# also obte’ved Author 


N79 11409*# ford Motor Co Dearborn Mich 

AUTOMOTIVE STIRLING KNGINI DIVILOPMINT PRO 
GRAM Quaria< ly Technical Progress Report Apr 19/8 
Jun 1978 

Jun 1978 9h p Sponso'rd t>y NASA 
(Contract 1C 7 7 C 02 4396- 

NASA CR 11943b CONS 4396 3 Avail NHS 

HC AOS Mf A 0 1 CSCt 13f 

The thud ip.S'te' lApni June 19 18 effort nf the Ford DOf 
Automotive Sti'ln g I ng.ne Develop** e^t Mn»y*am is 'epoded 
specifically Task 1 uf thal effort which »s f i«i Economy 
Assessment At (he end of this quider the total fourth gene*atior> 
fuel eronomy protection was 26 1 2 MPG gesoline' with o 
confidence ‘evei of 44N This represent ar< <mprov9>meri! of 66 4 V 
ova* the baseline M H fi r economy «.♦ IS 7 MPQ The co»’fi«1enc e 
level for the original 20 6 MPG goal has treen increased from 
53'A to 6 7**. login# 3X1 7 has accumulated a total of 213 *'Ou»s 
of variable speed running A Summary of the individual sub tasks 
of Task 1 are giver* The sub tasks are grouped ir to two ( ategone - 
Category 1 consists of those sub tasks whu * a»r direi tiy 'elati"' 
to fuel economy and Category 2 consists of those sub tasks 
which are not directly ’Mated to fuei econor* y but a*e an integral 
pad of tha Task 1 effod G V 


N79 1 140* '# A.Resra-. f* M*.j Co Phi.# ■ Aw 

MINI B8U s. S FOIL BIARING DIVILOPMINT Progress 
Report 1 Jen 1978 30 Jen 1978 

f X Dobip’ and •. J Miller Oct 19 78 ISO p »• fs 
i Contract NAE3 18S17 

NASA CR 1S9442 A. Research 3 1 2936 Ava.l NTlS 

HC A07 M) A0 1 CSCl 131 

The analysis 'rveaied ft'e failure agent to be . i r»mb«nabon 
of poor teflon roatmg adhesion a itei 'ease m bea*"<g sway 
space and possibly 'a« k of flustung flow th»*u jh the freauriyj 
A change m Teflon coating vencti . pr. titled substantially 
impioved t oat"»g quality and s.irfe* e finish Thr sway s( a* e 
was increased and the « ooimg fared fi*»w was adiusted to flcsf* 
the treanng These changes wi»re ir*. luded in a test cnnducteil 
m the WHl fron 6 April to 22 M.», 19/8 whu) resulted in 
the completion of 1006 9 hours of ope • at ion at ten pe'atu*e 
and load Post test mspei t.ur *eveaie«l it>e branny* ». t»e »n 
earellent i nndition and t apab.e of - -nplet.ng a much long#** 
test l S 


N 79 11408 *# A Resell' t Mtg lu> Pho- - A / 

ANALYSIS 01 SIGN F ABRIT ATiON AND TI STING OF THI 
MINI BRAYTON ROTATING UNI F iM>NI BRU) VOLUME 1 
Tf XT AND TABUS Final Batorl Api 1974 Jun 1978 

f X Dottle* et al (>* t 19 78 2 19 p »efs 2 Vol 
• Coot ran NAS3 1 Bb 1 7 

NASA CR 1S944 1 Vol 1 A. Resea* * 3 1 ?93b 1 A v * NT'S 
HC A 1 0 Mf A0 1 CSCl 1 3l 

A bOO to 2 1 (XI Watt powr 01 *p -f M' B*.iyt..' Rnt,»f.r>u 
Unit Min* HFC was a* i1y/e*1 te*. n • faf atr>! .* if r-’r 1 

Performance arid test data hi* t* r va'*nus * pont - f* uded 

Component* te^te•1 »»( ale f r J 1 4 * I a*rie!e' • »»*'p*r*.si > 

the 2 86 (1ia'»»«*te* t» 't'*.r tfr H i a'tr jfn' Old (»•• 

c ant.ieve*rd foil type (O "a v >1 tfu ,st In .i"gs A.-.n a ludr.l 
a*e -esijits r»n tf*e tat it atiut * a * Ilf 1 * . b*‘*e »>•#» . *' *tO//le 
assenibiy a* *! u* uffga- s.i’u * t • #•* * an- a»- - ' e 

aite> atur Mato* Ai.it .. 


M7* 1 1409* . 

AMAlVSIB 01 SIGN . ABDICATION AND TISTING Of THI 
MINI MAOON AOTATING UNIT MIN. BAUI VOI UMf 2 
fIGUHIS AND DRAWINGS l.««i H»pc1 

I X Dohir. Oct '9 *B 44B i . 

' SAS3 'Hb * ' 

NASA <_** *b944' vi. . A Mt- .rj . . . * 1 A... N I * 

HC A 1 9 V> AO* LSI l -3. 

Th.% v.i'u 1 '.# ' ' »'.*•' i * > ’ j*a .* r >r «•’ 

Volume 1 Authm 
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■7B-143B6*f Banelle Columbus Labs Ohio 

DET1RM-RAT10N OF LUBRICANT SELECTION BABfO ON 
■ LA8TOMVDROOYNAMIC FILM THICKNESS AMO TRAC 
T10« MEASUREMENT Final Raport 

T A Dow and J A Kannel Jan 1979 113 p 'els Sponsored 
in pan by Army Aviation Research and Development Command 
S< Lours 

(NASA CR 159428) Avail NTIS HC A06, MF A01 CSCL 
11M 

The protect was conducted to aid in the development of an 
eiestc hydrodynamic specification lor military lubricants Espen 
ments were conducted with a rolling disk appa'stus designed to 
simulate a bearing or gear type contact Measurements incluoed 
lubneant film thickness lubricant treakdown and traction for a 
range of loads speeds temperatures and surface roughnesses 
Several lubricants were used in the investigations including a 
traction fluid two synthetic paraffinic lubricants and several 
lubricants conforming to MIL L 7800 and 23699 specifications 
fleet mm* mjat ions regarding an EHD specification are included 

Author 


N79 1 72 1 9 * p SKF Industries Inc Sing of Prussia Pa 

AIRCRAFT ENGINE SUMP FIRE MITIGATION PHASE 2 
Final Report 

J W Rosenlieb Apr 1978 142 p refs 
iContract NAS3 '9436 

iNASA CR 13S379 AL78T007I Avail NTIS 

HC A07 MF A01 CSCL 21B 

'he e'tect of changes m the input parameters lau iea*age 
flow ’ate and tem^Ciature and lubricating oil inlet flow 'ate and 
temperature! over a specified range on the flammability conditions 
within an aircraft engine bearing sump was investigated An 
analytical study was performed to determine th* effect of various 
parameters on the generation rate of oJ vapor from oil droplets 
in a hot air stream 'lowing in a cylindrical tube The ignition of 
the vapor air mivtu'e by an ignition source was cons de'ed The 
eipenmental investigation demonstrated that fires would be 
ignited by a spa'k ignitor over th* full range of nr and oil flow 
rates and an temperate ’es evaluated However no fnes -ould 
be ignited when the oil inlet temperature was maintained t>dow 
4 1 7 K ‘290 Fi The seventy of the fnes .gmted were found to 
he directly proportional to the hot an flow 'ate Reasonably 
good correlation was found between the m.iture temperature in 
the sump at the ignitor location and the flammability limits as 
dehned bv flammability theory thus a fanly reliable enpenmen'al 
me1h*Kl of determining ri immab'e conditions wthm a Sump was 
demonstrated The -omputenzed mat*>ematicai model shows that 
oil droplet sire and an temperature have the greatest influence 
on the generation rate of oil vapor A R H 


N79 17221** Rockwe International Coro Canoga Park Calif 

SMALL HIGH PRESSURE LILlUID OXYGEN TURBOPUMP 
Final Repod 

A Csomo' Oct 19 78 1 56 n 'tfs 

Contract NAS3 17800' 

INASA CM 159509 *»t RD 78 2781 Avail NTIS 

HC A 08 MF A0 1 CSCL 131 

A small high pressure .OX tu'bopump was designed 
fab- jted and tested The pump was of a single stage centrifugal 
tvpe power to the pump was supplied bv a single stage 
pan a 1 admission a«.al impulse turbine Design conditions 
included an ope-atmg speed of 7330 'ad sec 1 70 000 rpml pump 
discharge oressu'e of 2977 N »q cm 4316 psia' and a pump 
flow ate of ’6 4 Lg s 36 2 ' lb see The tu'bm* was propelled 
bv L0X lH2 combustion products at 104’ k 1974 R> inlei 
lempe’atu" 1 and at a design press.'* ratio o* ’ 424 Test data 
obtained with the tu-bopumo are p'esemoQ and mechanical 
performance is discussed Author 


N79 17222*1 SKF Industries Inc Xing of Prussia Pa 

HIGH SPEED CYLINDRICAL ROLLER REARING ANALYSIS 
SKF COMPUTER PROGRAM CVREAN VOLUME 1 
ANALYSIS Final Report 

R J Klecnner and J Pirvts Jul 1978 108 p t#fs 2 Vol 

Contract NAS3 20U68I 

iNASA CR 159460 AL78P 022 Vol 1 1 Avail NTIS 

HC A06 MF A01 CSCL 131 

The CYBEAN iCYlindncal BEanng ANalysis' program was 
created lo detarl radially loaded aligned and misaligned Cylindrical 
roller bearing performance under a variety ot operating conditions 
The models and associated mathematics used within CYBEAN 
are described The user is refened to the material for formulation 
assumptions and algonthm detail L S 


N79 17223*|i SKF Industnes Inc King of P'ussia Pa 
Technology Services Drv 

HIGH SPEED CYLINDRICAL ROILER REARING ANALYSIS 
SKF COMPUTER PROGRAM CYBEAN VOLUME 2 USER S 
MANUAL Final Report 

R J Kleckner ana J Pirvics Jul 197E 141 p refs 2 Vol 

(Contract NAS3 200681 

, NASA CR 159461 AL78P023 Vol 21 Avail NTIS 

HC A0 7 MF A0 1 CSCL 131 

The CYBEAN (Cylindrical Bearing Analysis) was created to 
detail 'adially loaded aligned snt misaligned cylindrical 'ollei 
bearing performance under a va ety of operating conditions 
Emphasis was p'aced on detailing the eflects of high speed 
preload and system thermal coupling Roller tilt skew radial 
circumferential and anal displacement as well as flange contact 
were considered Variable housing and fie»iMe out of round outer 
ring geometries and both steady state and time transient 
tempe'atu'e calculations weu enabled The complete range of 
elastohydrodynjmic contact considerations employing full and 
pamal film conditions were tr*ateo to the computation of 
'aceway and flange contacts Input am' output architectures 
containing guidelines for use and a sample eiecution are 
detailed L S 


N79 17226** Israel Inst of Tech Haifa 

HYDRODYNAMIC EFFECTS IN A MISALIGNED RADIAL 
FACE BEAL Fine! Report 

I Etsion Jul 1977 38 p refs 
.Grant NsG 7317) 

INASA CR 1352281 Avail NTIS HC AG3 Mr AJ1 CSCL 
1 1 A 

Hyd'Olynamic eflects t a flat seal haying an angular 
misalignment are analyzed taking into account the radial variation 
in seal clearance An analytical solution for amal fo'.e restoring 
momem and transverse moment is presented that covars the 
whole range from zero to full angular misalignment Botn low 
pressure seals with cevdating flow and high pressure seals w th 
full fluid film are considered Strong coupling is demonstrated 
between engular misalignment and transverse moment which 
leads the misalignment vector by 90 deg.ees This transverse 
moment which is entirely due to hydrodynamic effect", is a 
significant factor in the seal operating mechanism Author 


N79 1 7228* I Mechanical Technology Inc Latham N Y 

EXPERIMENTS ON MULTIPLANE BALANCING USING A 
LASER FOR MATERIAL REMOVAL Fina 1 Report 

Russeti S Demuth Feb 1979 45 p 
(Cor Pact NAS3 185201 

iNASA CR 3105 MTI 78TH6S Aval N’iS 

HC A03 MF A01 CSCL 20E 

Th>e modifications of a fle»ible rotoi system fee two plane 
•aser balancing is described Fvpenmentai tes'ing <t II law 
material removal ethod for balancing through ‘tie fust bend .,g 
critical speed was demonsbated The tes ng opt" al i origination 
and a neodymium g ass lat-e' system weir assembled and 
„ actuated fu static and rbtatmg mateoa 1 'em vai rates the 
>ase> control computer program wat cor bmed wth the influeni 
coefficient balani mg process respiting it. a completely automated 
data acquisition .aser and balancing system The la .ei s*slen 
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rote wai balanced through the first bending critical speed using 
the laser material removal procedure t. apply trial weights and 
correction weights without stopping the rotor G Y 


N79-23429*# Shaker Research Corp Ballston Lake N Y 

EXPERIMENTAL AND ANALYTICAL TOOLS FOR EVALUA 
TION OF STIRLING ENGINE ROD SEAL BEHAVIOR Interim 
Report 

A I Krauter and H S Cheng (Northwestern Univ ) Feb 19T9 
1 24 p refs 

(Contracts DEN 3 22 ED 77 A 31 10401 

INASA-CF. 159543 SRC 78TP 391 Avail NTIS 

HC AOA/MF A01 CSCL 11 A 

The first year of a two year experimental and analytical 
program is repented The program is directed -t tho elastohydrody- 
namic behavto' of sliding elastomeric rod seals for the Stirling 
engine During the year experimental and analytical tools were 
developed for evaluating seal leakage seal friction, and the fluid 
film thickness at the seal/cylinder interface G Y 


N79 24373’* Mechanical Technology Inc Latham N Y 

DEVELOPMENT OF PROCEDURES FOR CALCULATING 
STIFFNESS AND DAMPING OF ELASTOMERS IN ENGI 
NEERING APPLICATIONS PART 5 ELASTOMER PER 
FORMANCE LIMITS AND THE DESIGN AND TEST OF AN 
ELASTOMER DAMPER 

J A Tecra M S Darlow aid A J Smalley Feb 19 79 

144 p refs 

iContract NAS3 '85461 

NASA CP 159652 Repl 79TR30 Pt 5 Avai NTIS 

HC AO 7 M F A01 CSCL 20K 

Tests ivcie performed on elastomer specimens of the 
material polybutadiene to d termine the performance limitations 
imposed by strain tempeiabue and frequency Three specimens 
were tested a sheai spec* n a compression specimen and a 
second compression specimen in which Thermocouples were 
embedded in the elastomer buttons Stiffness and tamping were 
determined from all tests and internal lemperatures were recorded 
for the instrumented compression specimen Measured results 
are presented together with comparisons between predictions of 
a thermo viscoelastic analysis and the measured 'esults Dampers 
of polybutad.ane and V'ton were designed, built and tested 
Vibration measurements weic made and sensitiv'ty of vibration 
to change in unbalance v.as also deteermed Values for log 
decrement were extracted from the synchronous response curves 
Comparisons were made between measured se-.sit vity to 
unbalance and log decrement and predicted values for these 
quantities R F S 


N79 25392* » Mechanical Technology Inc Latham N v 

T700 POWER TURBINE ROTOR MULTIPLANE 
MULTISPEED BALANCING DEMONSTRATION 

G Burgess and P Rio Feb '979 U p 'efs 
Contract NAS3 18520 

(NASA CR 159586 rvt'T 79 r H «!9> Avail NTIS 

HC A03 Ml AC i CSCI 20E 

Rey , ; ch was conducted to demonstrate the ability of 
i" 1 ' emce coefficient based muttispeed halan* mg to control mtni 
vibration thiough bending c"t« ais Rotor dynamic analyses were 
conducted of ‘e Ge neral Electric T700 power turbine rotor 
The nfor mat on was used to generate expected 'Otor behavioi 
for optimal i onsrde'ations designing a balance ng and a balance 
technique 'he rotor was successfully balanced 9500 rpm 
Unconi'oliable coupling behavioi prevented observations through 
The lb 000 'pm service speed The bo. an. e technique is practical 
and with additional refinement .1 an meet production stand 
aids Author 


N79 25396*# Oak Ridge National Lab . Tenn 

USER’S MANUAL FOR PRESTO: A COMPUTER CODE 

FOR THE PERFORMANCE OF REGENERATIVE STEAM 
TURBINE CYCLES 

L C Fuller and T K Stovall Jun 1979 93 p refs 
INASA Order C- 10669 D. Contracts W 7405 eng 26 
DOE 40 666 771 

INASA CR 159540 ORNL 55471 Avail NTIS 

HC A05/MF A01 CSCL 131 

Standard turbine cycles for baseload power plants and cycles 
with such additional features as process steam extraction and 
induction and feedwater heating by external heat sources may 
be mod- led Peaking and high back pressure cycles are also 
included The code s methodology is to use the expansion line 
efficien' as exhaust loss leakages mechanical losses, and 
generator losses to calculate the heat rate and generator output 
A general description c the code is given as well as the instructions 
foi input data preparation Appended are two complete example 
cases RES 


N79 31602’* Pratt and Whitney Aircraft Group. East Hartford 
Conn Commercial Products Div 

DEVELOPMENT OF A PLASMA SPRAYED CERAMIC GAS 
PATH SEAL FOR HIGH PRESSURE TURBINE APPUCA 
TIONS Final Raport. 12 Sap 1978 - 12 Apr 1979 

L T Shiembob and J F Hyland Sep 1979 43 p 
(Contract NAS3 213901 

(NASA CR 159669 PWA 5633 111 Avail NTIS 

HC A03/MF A01 CSCL 11A 

Development of the plasma sprayed graded layered Zr02/ 
CoCrAlY seal system fo' gas turbine engine blade tip seal 
application up to 1589 K 12400 F) surface temperature was 
continued Methods of improvement of the cyclic thermal shock 
resistance of the sprayed nrconia seal system were investigated 
The most promising method, reduction ot the ceramic thickness 
and metallic substrate stiffness were selected based upon potential 
and feasibility Specimens weie fabricated and experimentally 
evaluated to It) substantiate the capacity of the geometry 
changes to reduce operating stresses in the sprayed structure 
and (2) define the abradability, erosion, thermal shock and physical 
p'opedy characteristic for the sprayed ceramic seal system 
Thermal stress analysis was performed and correlated with thermal 
shock test results Author 


N79 31603’# Mechanical Technology Inc Latham N V 

DESIGN AND APPLICATION OF A TEST RiG FOR SUPER 
CRITICAL POWER TRANSMISSION SHAFTS Final Report 

M Darlow and A Sm;!!cy Washington NASA Aug 1979 
168 p rc-Is 

'Contract NAS3 169241 

(NASA CR 3155 MTI 78TR4 1 1 Avail NTIS 

HC A08/MF A01 CSCI 131 

The design assembly operational chev 1 - out and application 
o! j tesi facility tor testing supercritical power iransmission shahs 
under realistic conditions ol sire speed and toique aie uescribed 
Alternative balancing methods and alternative damping mecha 
n.sms are demonstrated and compared The influence of torque 
upon the unbalance distribution is studied and its effect or. 
synchronous vibrations is investigated The feasibility of operating 
supercritical power transmission shafting is demonstrated but 
The need for ca-e'ul control by balancing and damping oi 
synchronous and nonsynchronous vibrations is made clear The 
facility was demonstrated to be valuable for shaft system 
development prog'ams and studies for both advanced and 
current production hardware G Y 


N79 32651*# Avco Lycoming D v Stratford Conn 

DEVELOPMENT O* SPIRAL GROOVE SELF ACTING SEALS 
FOR HELICOPTER ENGINES Final Report 10 Jun 1977 
31 Dec 1978 

Michael OBnen Jun 1979 62 p Sponsored in part by Army 
Res and Technol Labs 
(Contract NAS3 20795) 

(NASA CR 159622 LYC 79 251 Avail NTIS 

HC A04 / MF A01 CSCL 11A 
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A spiral groove sell-acting lace seal was rig tested at 
advanced gas turbine operating conditions to determine wear 
and leakage rates The spiral groove self acting geometry was 
located in the rotating seal seat Seal component wear induced 
by start stop operation was measured after subjecting the test 
seal to 176 start-stop cycles Wear occurring during normal 
operation was documented throughout a 75 hour endurance test 
Seal air leakage was also measured During endurance operation, 
the seal was subjected to operating conditions bounded by the 
values surface speed 244 m/s 1800 ft/sec) air pressure ■ 
148 N/sq cm abs 1215 psial. and air temperature - 622 K 
1660 F) The post test condition ol the seal components was 
documented Wear data is presented in tabular form, while seal 
air leakage is presented graphically as a function of pressure 
and speed F 0 S 


A79-12848 * Cerarmc blade attachments. G S Calvert and 

W D Caimthers (United Technologies Pratt and Whitney 

Aircraft Group. West Palm Beach Fla I In Ceran.." lor high 
performance applications II Proceedings ol the Filth Arm, 
Materials Technology Conference Newport R I March 21 25. 
1977 (A79 12804 02 37! Chestnut Hill Mass Brook Hill Publishing 
Co . 1978. p 839 860 Contract No NAS3 19715 

Studies under way on two concepts lot producing a turbine 
nitui with ceramic blades and superallov disks aie discussed One 
concent nploys hot jiressed si'icon mtndc blades and a compliant 
interlayer at the blade mot end fitting wheieas the secono conc“pt 
relies on a sunerplastic plastic lotginq technique to attach cetamic 
blades to the metal d sk This lattei concept has been hot spin tested 
al 2250 F and 45 000 RPM lor 60 hours in a vacuum spin pr The 
fully Waded 1 30 blades! rotoi survived this maior test lAuthorl 


A7q 16011 * Design and test of a squeeze film damper for a 

flexible power transmission shaft. M S Darlow ano A J Smalley 
IMechamcal Technology Inc.. Latham N.Y.t. Iri Topics in 'luid 
film (tearing and rotoi bearing system design and optimization 
Proceedings of tbe Design tngmeermg Conference, Chicago, til.. 
April 17 20. 1978 (A79 1 6010 04 3 71 New York. American Society 
of Mechanical Engmee-s, 1978. p 43 54. 7 refs. Contract No 
NA S3 16874 

Foi a flexible shaft designed to pass through a numbui of 
bending r,if~al speeds, a squeeze film damjtet has been designed and 
tested T he damjx'i progenies were selected to piovide Control uf all 
-titical speeds, svhile meeting additional constraints of high power 
transmission requirements and damp.-r simplicity The stamper was 
fabricated and installed and its ability to control flexible shaft 
vibrations was demonstrated by the comparison of vibration ample 
tudes borh wth and without the dampen lAuthorl 


A79 23252 ’ Development of surface coatinos for air 

lubricated, compliant journal bearinys to 650 C E dhushan and S 
Gia, Merlon i al Technology Inc Latham NY I American 
Soi <rry ,it i i.nncat. Enomeers anil Ament an Society of Meehan' 
ra F "ameers Ji mi Lubrication Conference Minneapolis Mum 
Oil 24 26 7*7 '8 AS/ F P'epnnt 78 LC3C 7 lip Contract No 
NAS3 1947 

Sm laie * . at . gs Si* a" an hibnraled. Compliant journal lor an 
jiitorrmt! ve o is t.iibme engine were tested ro laid those cjJMble of 
a. n -landing temperatures of either 540 t* (1000 FI oi 650 C 11700 
f Ai the natinqs f'jve to lx* callable of suiv*s‘*ig the start stop 
a i ng i in,i ii * , i-les jitirjr to rotoi ‘iff off and at touchdown 

S*‘l* J .a 'ij *iia*|iiui .ms wc*e Tested n stall stoj) tests at 14 

vP,« *7 p* a*l "ij for 700(t 'ysies at mom ansf maximum 

temp* * at* *• • Sjiei: Pi coating recsimmenifat'ons are Crlo and 

■ I'.iph.te ■ ' ’•***' limme raftiisle se* lournal s.p I * 370 C 1700 

I NASA PS 170 iTirl'.ii**, 400 v * ve' and CaF 7 on |ouu J versus 
.1 later! ' - ip t" 540 l 1 1000 F 1 and chemically adhi .•** ! G 203 
i" |" a **al a" 1 1 I si ’ ut> f * 650 C i I 700 F i T lie chern, rally .idi'erent 
it'r*g , sterr * .ml tested successfully at 35 kPe 15 
U* i id ’’ij tie 7000 stjrt st. ip cy* les lAuthsil 


A79 26985 * Proof tMt criteria for thin vyrjlled pressure 

vessels R. W. Finger (Boeing Aerospace Co., Seattle. Wash ). In: 
Application of fracture mechanics to design. (A/9 26980 10 37) 
New York, Plenum Press, 1979, p. 83 110. 6 *efs. Cor tract No. 
NAS3 18906 

A proof test criterion for assuring minimum service life 
requirements for aerospace pressure vessels is provided. The criteria 
proposed are based on the results of seveial experimental programs 
conducted on surface flaw specimens fabricated from 2219 alumi- 
num base and weld metal A description is presented of the stable 
crack growth behavior of suiface flaws during loading. Conclusions 
derived frum an experimental program are discussed It is found that 
significant stable crack growth under increasing load can occur prior 
to failure. However, significant variability in results can be a Hici- 
paled even when carefully controlled laboratory procedures are 
employed. G.R. 


A79-32351 * » Laser balancing demonstration on a high-spaed 
flexible rotor. R. S. DeMuth, R. A. Rio (Mechanical Technology, 
inc., Lr ,K »m. N.Y.), and D. P. Fleming (NASA. Lewis Research 
Center, Seals ano Ovnamics Section. Cleveland. Ohio). 

American Society of Mechanical Engineers. C«. "' ■•hint! Conference 
and Exhibit and Solar Energy Conference. San Diego. Calif.. Mar. 
12-15. 1979. Paper 79-GT-56. 6 p. 6 refs. Members. SI. 50; 
nonmembe r s, $3.00. Contract No. NAS3- 18520. 

This paper describes a flexible rotor system used for two-plane 
'xser balancing and an experimental demonstration of the laser 
material removal method for balancing. A laboratory test rotor was 
modified to accept balancing corrections using a laser metal removal 
method while the rotor is at operating speed. The laser setup 
hardware required to balance the rotor using two correction planes is 
described. The test rig optical configuration and a neodymium glass 
laser were assembled and calibrated for material removal rates. Rotor 
amplitudes bef*. e and after balancing, trial and correction weights, 
rotor speed during operation of laser, and balancing time were 
documented. The rotor was balanced through (he first bending 
critical speed using the laser mater*al removal procedure to apply 
trial weights and correction weights without stopping the rotor. 

(Author! 


A79-32412 * » Nonsynchronous vibrations observed in a 

supercritical power transmission shaft M S. Darlow and E. S Zorzi 
(Mechanical Technology. Inc.. Latham. N.Y.I. American Society of 
Mechanical Engineers, Gas Turbine Conference and Exhibit and Solar 
Energy Conference. San Diego, Calif., Mar 12 15, 1979, Paper 
79GT146. 9 p. 6 refs Members, $1 50 nonmembers. S3. 00 
Contract No. NAS3-16824 

A flexible shaft is prone to a number of vibration phenomena 
which occur at frequencies other than synchronous with rotational 
speed. Nonsynchronous vibrations from several sources were ob- 
served while tunning a les * ' j designed to simulate the ojseration of a 
supercritical power transn s'on shaft The test ng was run first wii \ 
very light external damping and then with a highet level of external 
damping, tor comparison As a result. The effect of external damping 
on the nonsynchionous vibrations ol the test rig was observed All of 
these nonsynchronous vibrations were of significant amplitude Then 
presence m the vibration spectra *or a supercritical power transmis 
vitjn shal' at various speeds in the operating , ange indicates that very 
careful attention to all of Ihe vibration spectra should be made in 
any supercritical power transmission shafting This papei presents a 
review ot rhe analysis performed and a comparison with experimen- 
tal data. A thorough discussion ol the observed nom,nchronous 
whirl is also provided (Author) 
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A 79-32423 ' 0 An introduction to a unified approach to 
flexible rotor balancing. A. G. Parkinson (University College, 
London, England), A. J. Smalley, R H. Badgley (Mechanical 
Technology, Inc., Latham, N.Y.), and M. S. Darlow. American 
Society of Mechanical Engineers, Gas Turbine Conference and 
Exhibit and Solar Energy ConferetKe. San Diego. Calif.. Mar 12-15. 
1979. Paper 79-GT-161 14 p. 10 refs. Members, $1.50, nonmem- 
bers. $3.00. Contract No. NAS3 16824 

Two types of technique for flexible-rotor balancing are ex- 
amined: the influence coefficient method, and the modal balancing 
method 8riefly, the influence coefficient method seeks those 
correction masses in a predetermined set of planes which will 
minimize measured vibration (readings) at a series of sensors and 
speeds, as predicted by influence coefficients relating vibration 
readings to mass additions; the influence coefficients are normally 
determined by a series of trial mass tests. The modal balancing 
method seeks to balance !h» rotor, one mod" at a time, with a set of 
masses specifically selected not t> distuiu previously balanced lower 
modes, the sensitivity to this cc nbination of masses is dev.. mined 
empirically by a series of trial mass tests. Th" two approaches are 
compared in supercritical-shaft balancing tests, and some common 
features are stressed for ultimate incorporation into a unified 
approach toward flexible-rotor balancing. S.D. 
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38 QUALITY ASSURANCE AND 
RELIABILITY 

Includes product sampling procedures end techniques, 
end quality control 


N7t-2NM'|f National Aeronautics and Space Administration 
Lewis Research Corner. Cleveland. Ohio 

A REVIEW OF ISSUES AND STRATEGIES IN NONDE 
STRUCTIVE EVALUATION OF FIBER REINFORCED 
STRUCTURAL COMPOSITES 

Ales Vary 1979 14 p refs Proposed for presentation at 

11th Natl SAMPE Tech Conf Boston 13 IS Nov 1979 
(NASA TM 79246 E l S3) Avail NTIS HC A02/MF A01 CSCL 
140 

Tecnmques for quantitative assessmei of the mechanical 
strength and integrity of fiber composites during manufacture 
and service and following repair operations are presented 
Problems and approaches are discussed relative to acceptance 
criteria, calibrating standards, and methods for nondestructive 
evaluation of composite? in strength-critical applications 
Arousto ultrasonic techniques provide the methods of choice in 
this area MMM 


A79-398U9 ’ • Computer signal processing for ultrasonic at 

(situation and velocity measurements for material property charac- 
terisations. A Vary (NASA Lewis Research Center. Cleveland. 
Ohio) American Society for Nondestructive Testing and Southwest 
Research Institute. Symposium on Nondestructive Evaluation. 12th. 
San Antonio. Tex . Apr. 24 26. 1929. Paper 18 p 8 refs 

This report deals with instrumentation and computer progtim- 
mntg concepts that have been developed for ultrasonic materials 
chsractenration. Methods that facilitate velocity and attenuation 
measurements are described The apparatus described is baseo on a 
broadband, buffered contact probe using a pulse echo approach for 
simultaneously measuring velocity and attenuation Instrumentation, 
specimen condition, and signal acquisition and acceptance criteria are 
discussed. T ypical results with some representative materials are 
presented. (Author) 


N7S-21410*! Martin Marietta Aerospace Denver Colo 
DEFINITION OF MUTUALLY OPTIMUM NOI AND PROOF 
TEST CRITERIA FOR 2218 ALUMINUM PRESSURE 
VESSELS VOLUME 1: METHODS 

Fred R Schwartzberg. Richard G King, and Paul H Todd Jr 
Feb 1979 138 p refs 3 Jol 
(Contract NAS3 17790) 

(NASA CR 1364451 Avail NTIS HC A07/MF A01 CSCL 
140 

The requirements for proof testing and nondestructive 
■ rspection of aluminum pressure vessels were discussed The 
follow. "'ll conclusions are ID lack -of -fusion wild defects are 
sufficiently ti^h* r* »h* as welded condition to be considered 
undetectable (2) -roof level loads are required to fully open 
lack of fusion w .id defects 13) significant crack opening occurs 
it suhproof levels so that an inspection enhancement loeding 
treatment designed to avoid catastrophic failure is feasible. (4) 
currently used proof levels for 2219 pressure vossels are adequate 
for postproof inspection (5) quantification of defect size and 
location using collimated ultrasonic pitch catch techniques appears 
sufficiently feasible for tankage to warrant developmental work 
(6) for short time single-cycle pressure vessel applications, 
tostproof inspection is desirable and 17) for long term multiple 
cycle pressure vessel applications postproof inspection is essential 
for life assurance Author 


N7B-21411*f Martin Marietta Aerospace. Denver. Colo. 

DEFINITION OF MUTUALLY OPTIMUM NOI AND PROOF 
TEST CRITERIA FOR 221B ALUMINUM PRESSURE 
VESSELS. VOLUME 2: OPTIMIZATION AMO FRACTURE 
STUOISS 

Fred R Schwartzberg. Charles Toth. Jr . Richard G King, and 
Paul H Todd. Jr Fob 1979 183 p refs 3 Vol 
(Contract NAS3 17790) 

I NASA -CR- 136446) Avail NTIS HC A09/MF A01 CSCL 
140 

Certain behavioral aspects associated with fracture and crack 
extension that cannot be studied using other techniques were 
evaluated with the ultrasonic mathod Characterization of 
collimated beam techniques showed that significant beam width 
reduction could be accomplished Techniques for collimation are 
given The crack-opening displacement-gage correction-factor 
study showed that displacement resulting from crack opening 
and that from plasticity could be readily differentiated Crack 
closure studies using both ultrasonic and crack-opening dtsplace- 
-.cnt measurements showed an opening and closing behavior 
associated with load-unload curves The results of this work 
were m general agreement with the closure concepts of Elber 
Ultrasonic measurements used to study the nature of flaw 
extension characteristics associated with failure of the ligament 
between the flaw front and back surface showed that penetration 
could occur by an abrupt frectunng after subcntical giowth or 
by continuous growth Author 


N7B-21412*# Martin Marietta Aerospace. Denver. Colo 

DEFINITION OF MUTUALLY OPTIMUM NOI AND PROOF 
TEST CRITERIA FOR 2218 ALUMINUM PRESSURE 
VESSELS VOLUME S: APPLICATIONS TO RAIL DEFECT 
EVALUATION 

Fred R Schwartzberg Charles Toth. Jr . Richard G King, and 
Paul H Todd. Jr Feb 1979 36 p 3 Vol 
(Contract NAS3- 17790) 

(NASA CR 135447) Avail NTIS HC A03/MF A01 CSCL 
14D 

The technique for inspection of railroad rails containing 
transverse fissure defects was discussed Both pulse-echo and 
pitch -catch inspection techniques were used The pulse-echo 
technique results suggest that a multiple scan approach using 
varying angles of inclination, thiee-surface scanning and 
dual-direction traversing may offer promise of characterization 
of transverse defects Because each scan is likely to produce a 
reflection indicating only a portion of the defect summing of 
the individual reflections must be used to obtain a reasonably 
complete characterization of the defect The ability of the 
collimated pitch-catch technique to detect relatively small amounts 
ot flaw growth was shown The method has a problem in 
characterizing the portions of the defect na-j the top surface or 
web ■•'teisection The work performed was a preliminary evaluation 
of the prospects for automated mapping of rail flaws Author 
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39 STRUCTURAL MECHANICS 

Includes structural clamant design and weight anaiysia: 
fatigue: and thermal streas 

Foi applications sec 03 Aircraft 0 align. Tatting and 
Parlor m anca and It Spacacraft Davgn. Tatting and 
Parformanca 


N79-104SS*f National Aeronautics and Space Administration 
Lewis R es ear ch Canter. □ aval and. Ohio. 

(TRAINMANS K PARTITIONING SKMAVIOR OP THI 
NICKEL-BABE (UPC R ALLOYS. Rf NC SO AND IN-100 

G R Halford and A J Nachtigall In AGARO Characterisation 
of Low Cycle High Temp Fatigue by the Strainrange Partitioning 
Method Aug 1S7S 14 p refs (For primary document see 
N78- 10477 01 391 

Avail NTIS HC A16/MF A01 CSCL 20K 

A study was made to assess the ability of the method of 
strainrange partitioning (SRPI to both correlate and predict high 
temperature, low cycle fatigue lives of racket-base superalloys 
for gas turbine applications Baseline data from stram-controNod. 
low cycle fatigue tests were expressed in terms of the PP. PC 
CP. and CC partitioned inelastic strainrange versus Ida re- 
lationships lor coated and uncoated Rene' SO at 1000 C. Gatorued 
(creep-tor medllN 100 at 760 C. and cast IN 100 at 926 C 
The SRP i shown to correlate the cvdic lives of the baseline 
tests to within factors of nearly two The partitioned strainrange 
versus life relationships for uncoated Rene 90 and cast IN 100 
were also determined from the ductility no.-malired-strsin range 
partitioning aquations These were used to predict the cyclic 
I "res of the baseline tests Predicted and observed cyclic lives 
agreed to withm factors of nearly three J A M. 


N79-1 1433*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

THERMAL STRUCTURAL MISSION ANALYSES OF AIR 
COOLED OAS TURBINE BLADES 

Albert Kaufman and Raymond E Gaugler 1978 13 p isfs 

Proposed tor presentation at the Intern Gas Turbine Coni San 
Diego. Calif 11 16 Mar 1979 

(NASA TM- 78963. E 97201 Avail NTIS HC A02/MF A01 
CSCL 2 IE 

Cycle temperature and stress strain states in cooled turbine 
blades were calculated tor a simulated mission of an advanced 
technology aircraft engine TACT1 (three dimensional heat transfer) 
and MARC (nonlinear structural analysis) computei programs wera 
used to analyte impingement cooled airfoils, with and without 
leading-edge film cooling Creep was the predominant damage 
mode particularly around film cooling holes Radially angled holes 
exhibited less creep than holes normal to surface Beam-type 
analyses of all-impingement cooled airfoils gave fair agreement 
with MARC results for initial creep Author 


NTS- 1S32S*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CELFE/NASTRAN COOE FOR THE ANALYSIS OF STRUC 
TUBES SUBJECTED TO HIGH VELOCITY IMPACT 

C C Charms 1978 25 p refs Presented at 7th NASTRAN 
User s Colloq Huntsville Ala . 4 6 Oct 1978 
(NASA TM 79046 E 9857) Avail NTIS HC A02/MF A01 
CSCL 20K 

CELFE (Coupled Eulenan Lsgrangian Finite Elementl/ 
NASTRAN Code three dimensional finite element code has the 
capability for analyzing of structures subiected to high velocity 
impact The local response is predicted by CELFE and for large 
problems, the far-field impact response is predicted by NAS- 
TRAN The coupling of the CELFE code with NASTRAN 
(CELFE/NASTRAN code) and the application of the code to 
selected three-dimensional high velocity impact problems sre 
described Author 


N 79-16326*1 National Aaronautics and Space Administration 
Lewie Research Center. C l eveland. Ohio. 

COO (THAN COMPOSITE DURABILITY STRUCTURAL 

ANALYSIS 

C. C. Charms and G. T. Smith 17 Nov 197S 14 p refs 

Presented at the 4th Conf on Fibrous Composites in Struct 
Design. San Diego. Calif. 14-17 Nov 1978 
(NASA TM-79070. 1-888/1 Avail NTIS HC A02/MF A01 
CSCL 2 OK 

CODSTRAN (Composite Durability STRuctural ANalysis) is 
an integrated computer program being developed for the prediction 
of defect growth and fracture of compoerts structures subiected 
to service loads and environments CODSTRAN is briefly described 
with respect to organization, capabilities and present status 
Application of CODSTRAN current capability to a Bat composite 
laminate with a center slit which was subiected to axial tension 
loading predicted defect growth which is in good agreement 
with C-scan ultrasonic test records Author 


N7 9-16300*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
EXPERIMENTAL EVALUATION OP THE EFFECT OF INLET 
DISTORTION ON COMPRESSOR BLADE VIBRATIONS 

J F Lubomski 1979 17 p reft Presented at the Intern Gas 
Turbine Conf. San Diego. Calif. 12-16 Mar 1979: sponsored 
by Am Soc of Mechanical Engineers 

(NASA-TM 79066. E-9882) Avail NTIS HC A02/MF A01 
CSCL 20K 

'Compressor rotor strain gage data from an engine test 
conducted with an inlet screen distortion were reduced and 
analyzed These data are compared to data obtained from the 
same engine without inlet pressure distortion to determine the 
net effect of the distortion on the vibratory response of the 
compressor blades The results obtained are presented Author 


N79-17263*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

CHARACTERISTICS OF AEROf LAST1C INSTABILITIES IN 
TURBOMACHINERV - NASA FULL BCAIX ENGINE TEST 
RESULTS 

Joseph F Lubomski 1379 21 p refs To be presented at the 
4th Intern Symp on Air Breathing Eng . Lake Buena Vista. Fla . 
1-6 Ap: 1979 sponsored by AIAA 

(NASA TM- 79085 E-9908) Avail NTIS HC A02/MF A01 
CSCL 2 OK 

Several eeromechamcal programs were conducted in the 
NASA/USAF Joint Engine System Research Programs The scope 
of these programs, the instrumentation, data acquisition and 
reduction, and the test results are discussed Data pertinent to 
four different instabilities were acquired: two types of stall flutter, 
choke flutter and a system mode mstabriity The date indicates 
that each instability has its own unique characteristics These 
characteristics are described G V. 


N79-1B41B*! National Aeronautics and Space Administration 
Lewie Research Center. Cleveland. Ohio 

MEASUREMENT OF TRANSIENT 6TPAIN AND SURFACE 
TEMPERATURE ON SIMULATED TURBINE BLADES UMNO 
NON CONTACTING TECHNIQUES 

Frederick D Caifo and Frank G Pollack Aug 1978 16 p 

roll 

(NASA-TM 78982. C-9180) Avail NTIS HC A02/MF A01 
CSCL 2 OK 

Noncontacting techniques were used to measure strain and 
temperature in thermally cycled simulated turbine blades An 
electro-optical exteneometer was used to measure the displace- 
ment between parallel targets mounted on the leading edge of 
the Medea throughout a complete heating and cooling cycle An 
infrared photographic pyrometry method was used to measure 
Made steady state surface temperature The Made was cyclically 
heated and cooled by moving it into and out of a Mach 1 
hot-gas stream Transient leading edge strain and steady state 
surface temperature distributions are presented for Mades of three 
different configurations Author 


126 



N79-203SO*f National Aeronautics and Space Administration 
Lewie R esea rc h Canter. Cleve l and. Ohio 

INVESTIGATION Of WIN SHIELDING EFFECTS ON CTOi 

■NOINC MOtM 

Harry E. Bloomer 1B79 34 p refs Presented at the 6th 

Annual Aeroecouatics Coot.. Seattle. 12-14 Mar 1B7B: aponeored 
By AIAA 

(NASA-TM-7907S E-9N6) Avail NTIS HC A03/MF A01 
CSCL 20K 

A fuM Kill mgini wing ihw(ding inyitliQitinfi wm conducted 
at the Lewis Resear c h Center using a 97.600- N (22.000 N>) 
thrust turbofan engine and a simulated wing section sited around 
a convent i onal- teks -off type four-engine narrow body airplane 
Sound diti w tf i obtiintd foe ttw wing plocod ft oovon trot Wo nt 
in § plant piniW to tht ongino ixii, and wot ooenpocod to 
data obtained without the wing at both taka off and approach 
power In addition, the angina wee operated with and without 
extensive acoustic treatment, including a sonic mist in order to 

eyaLiala eNieJrNaaja oiEe#iee^ej^^ee uUeA a 

Bvsfuaiv winy wuNKiiny viiwcuvvnvw wiui • n#gn»y 6iipp< vivvo 

angina. The wing shielding effectiveness was also calibrated using 
a 3 9 cm diam air nauie as a sec o nd source Results indicated 
that even though about 10 dB broad band shielding was achieved, 
the equiv a le n t flyovs.- .\otta reduction was leas than 3.0 EPNdB 
ter moot configurations Author 


N7B- 20391*f National Aeronautics and Space Administration 
Lewis Bsaaarch Center. Cl ev eland. Ohio. 

BOMB A B P BCTB OP A PBII JIT PHI NOMINA TO 109 L/D 
IN A CONSTANT ARIA DUCT 

R. C. Hendricks 1979 41 p reft Proposed tor presen t ation 
at the 16th Intern. Congr of Refrig. Venice. 23-29 Sep 1979: 
sponsored in part by the Intern Inst of Refng 
I NASA- TM- 79050. E-9867) Avail NTIS HC A03/MF A01 
CSCL 20K 

Under certain conditions, inlets with a horde type geometry 
were shown to exhibit sufficiently strong separation effects to 
permit the working fluid to flow through ti-e duct at if it wore 
a free fat Maes limiting flow data and associated pressure profiles 
tor tubes of 14. 63. 64. 73. and 105 L/D with a Borda typo 
inlet were taken to determine bounds of the free (at phenomena. 
For a given tube roughness, the limits appear to bo one dimensional 
and dependent only on inlet stagnation conditions For smooth 
tubes the upper L/D boundary is related by P sub R roughly 
equal to CT to the 17th power end sub R. C roughly equal to 
00017 (L/D) to the 2 5 power where F sub R - P/P sub c is 
reduced pressure and T sub R - T/T tub c is reduced temperature 
The lower bound appears to be saturation conditions at the 
inlet Similar free jet effects were found for fluid hydrogen 
indicating that fluid tatting may be common to ell fluids While 
limited data on surface roughness show a decrease m the upper 
L/D limit, nevertheless fluid jetting still occurred LB 


N79-2039B*# Nation*' Aeronautics and Space Administration 
Lewis Research Cents'. Cleveland Ohio 

ANALVBIB OP HIOH VELOCITY IMPACT ON HYBRIO 
COMPOSITE PAN B LAOIS 

C C Charms and J H Sinclair 1979 17 p refs Presented 
at the 20th Structures. Structural Dyn and Mater Conf . St 
Louis. Mo. 4-6 Apr 1979. cosponsored by AIAA. ASME. ASCE. 
and AHS 

(NASA TM-79133. E 9979) Av»-' NTIS HC A02/MF A01 

CSCL 21E 

Recent developments in the analysis of high velocity impact 
of composite blades are described, using a computerised capability 
which consists of coupling a composites mechanics code with 
the direct time integration features of NASTRAN The application 
of the capability to determine the linear dynamic response of 
an mterply hybrid composite aircraft engine fan blade is described 
in detail The results also show that the impact stresses reach 
sufficiently high magnitudes to cause failures in the impact region 
at early times of the impact event G Y 


N79 24369*| National Aeronautics and Space Administration 
Law* Research Canter. Cleveland Ohio 
COMPUTER SIGNAL PROCESSING POR ULTRASONIC 
ATTENUATION AND VELOCITY MEASUREMENTS POR 
MATERIAL PROPERTY CHARACTERI2ATIONS 
Alex Vary 1979 19 p refs Presented at the 12th Symp on 
Nondestructive Evaluation. San Antionto. Tex . 24 26 Apr 1979. 
cosponsored by the Am Soc for Nondestructive Testing and 
the Southwest Ras Inst 

(NASA TM 79190. E 049) Avail NTIS HC A02/MF A01 CSCL 
140 

Instrumentation and computer programming concepts that 
were developed for ultrasonic materials characteruation are 
described Methods that facilitate velocity and attenuation 
measurements are outlined The apparatus scribed u based 
on a broadband, buffered contact probe using a pulse echo 
approach for simultaneously measunng velocity end attenuation 
Instrumentation, specimen condition, and signal acquisition and 
acceptance criteria are discussed Typical reeuits with some 
representative materials are presented LS 


N79 22B64'# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

EPPECT OP ORAIN ORIENTATION AND COATING ON 
THERMAL PAT10UE RESISTANCE OP A DIRECTIONALLY 
SOUDIPIED SUPER ALLOY IMARM 247) 

P T Buon. R L DreshfieM. and F D Celfo Apr 1979 24 p 

(NASA TM 79129. E 99691 Avail NTIS HC A02/MF A01 
CSCL 20K 

The effect of off-axis directionally solidified (DS) grain growth 
on thermal fatigue life of Mar-M 247 alloy was evaluated 
Uncoated conventionally cast as well as OS wedge bars were 
cycled m a burner ng between 1070 C and room temperature 
The longitudinal axis and leading edge of the specimen coincided 
As the angle between the specimen longitudinal axis and growth 
axis increased, the thermal fatigue life decreased for both the 
uncoated and alumimde-coated ban Ufa increases of about 
50 cycles for the DS conditions were attributed to coating The 
decrease m thermsl fatigue life with increasing angle is pnmarily 
attributed to the increase in modulus of elasticity with increasing 
angle and not to the intersection of OS gram boundaries with 
the specimen leading edge The thermal fatigue cracks were 
observed to be transgranular in the OS material Limrteo tensile 
and siress-rupture properties of conventionally cast and off-axis 
DS Mer-M 247 alloy are also presented L S 


N79-91S19*# Natto."* 1 Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

STRAINRANGE PARTITIONING LIFE PREDICTIONS OF THE 
LONG TIME METAL PROPERTIES COUNCIL CREEP 
FATIGUE TESTS 

J F Saltsman and G R Halford 1979 34 p refs Proposed 
for presentation at ti.e Winter Ann Meeting. N Y. 2-7 Dec 
1979. sponsored by An Soc of Mech Engr 
(NASA TM 79260 E-l#4) Avail NTIS HC A03/MF A01 

CSCL 20K 

The method of strainrange partitioning is used to predict 
the cyclic lives of the Metal Properties Councils long time 
creep-fatigue mterspersion tests of several steel alloys Compari 
sons are made with predictions based upon the time- and 
cycle-fraction approach The method of strainrange partitioning 
is shown to give consistently more accurate predictions of cyclic 
life than is given by ' me- and cycle-fraction approach 

Author 


A79-10823 ' » Synthsui of blade flutter vibratory patterns 
using stationary transducers A. Kvrtwi* end J. Dior. (NASA, Lewis 
Research Center, Clevelsnd. Oi'ic: -inerican Soce'y of Mecha-nca! 

Eng.ieers. Gas Turbine Conference end Products Show. Lorjilon 
Emland. Apr. 9 - 13. 1978. Paper 25 p. 9 refs. 

Flutter frequency wm dew - mined -and rotor vibratory ampli’ijde 
and ptitw distributions dunng flutter were reconstiuctad from 
stattor- try aerodynamic type measurements A previously reported 
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optical matted (or measuring blade-tip displacement during flutter 
w-M extended by meant of digital analysis. Displacement amplitudes 
and phase angle were determined bated on this method. For selected 
blades, spectral results were also obtained from strain gaga measure- 
ments. The results from the** three types o( measurement were 
compered and critically avaluated. (Author) 


A79-11643 * 0 Acoustic emission testing of composite vessels 
under sustained loading. R. F. Lark and P. E. Moorhead (NASA, 
Lewis Research Center, Cleveland, Ohio). American Society fur 
Turing and Materials. Symposium on Nondestructive Evaluation and 
Flaw Criticality for Composite Materials. Philadelphia. Fa.. Oct. 10. 
11. 1978. Paper. 24 p. 8 refs. 

Aaoustic emission (AE) tests have been conducted on small- 
diameter Kevlar 49/epoxy pressure vessels sub|tcted to long-term 
sustained load-to failure tests. Single-cycle burst tests were used as a 
basis for determining the test pressure in the sustained- loading tests. 
AE data from two vessel locations were compared. The data suggest 
that AE from vessel wall-mounted transducers is quite different for 
identical vessels subjected to the same pressure loading. AE from 
boss-mountad transducers yielded relatively consistent values. These 
values were not a function of time for vessel failure. The develop- 
ment of an AE test procedure for predicting the residual service life 
or integrity of composite vessels is discussed. S.C.S. 


A79-149S4 * 0 Review of thv Agard SAM pane 1 evaluation 
program of the NASA- Lewis ’SRP' approach to high-temperature 
LCF life prediction. M. H. Hirachberg (NASA, 'twit Research 
Center, Cleveland. Ohio). NATO. AGARD. Meeting. 52nd. Cleve- 
land. Ohio. Oct. 23-27. 1978. Paper. 10 p. 26 rah. 

Twenty laboratories in six countries participated in this pro 
gram, each testing its own materials of interest under its own 
laboratory conditions. In this way the results obtained provided 
validation of the Strainrange Partitioning (SRP) method for a wide 
range of materials and insured maximum usefulness to each of the 
participating laboratories. The first, very necessary step in the 
evaluation of any life prediction approach - assessing the ability of 
the method t predict life of simple laboratory spi-cimens subjected 
to complex loading, was thereby taken. The culmination of this 
program was the Specialists Meeting that was held in Aalborg, 
Denmark in April of 1978. At that meeting the various investigators 
shared their findings, thus providing the basis for an in-depth 
evaluation of the SRP method. While the lesjlts were variable from 
laboratory to laboratory, most investigators agreed that the SRP 
method was a significant step toward life prediction in the presence 
of high temperature and cyclic stresses. (Author) 


A79-1S588 ’ 0 Mode I analysis of a cracked circular disk 
subject to a couple and a force. B. Gross 'NASA. Lewis Research 
Center, Cleveland, Ohio). In: Developments in theoretical and 
applied mechanics. Volume 9 Proceedings of the Ninth South- 
eastern Conference. Nashville, Tenn.. May 4, 6. 1978. (A79- 
16576 04-31) Nashville. Tenn., Vanderbilt University. 1978, p. 
195-203. 8 refs. 

Mode I stress intensity coefficients were obtained for an 
edge-cracked disk (round compact specimen). Results foi this plane 
elastostatic problem, obtained by a boundary collocation .malysisare 
presented for A/D ratios of 0.35 to 1, where A it the ersek length 
and D is the disk diameter The results presented are for two 
complementary types of loading. By superposition of these results 
the stress intensity factor for any jaractical load line location of a 
pin-loaded >ound compact specimen can be obtained. (Author) 


A79-21298 * 0 CELFE/NASTRAN Code for the analysis of 
structures subjected to high velocity impact. C. C. Charms (NASA. 
Lewis Research Center, Cleveland, Ohio). NASA Marshall Space 
Flight Center. N AST RAN User's Colloquium. 7th, Huntsville. Ala.. 
Oct. 4-6, 1978, Paper. 24 p Contract No NASM8908. 


The CELFE (Coupled Eulerian Lagrengian Finite Element)/ 
NASTRAN Code three-dimensional finite element coda has the capa- 
bility for analyzing ot structures subjected to high velocity impact. 
The local response is predicted by CELFE and. for large problems, 
the far-field impact response is predicted by NASTRAN. The coup- 
ling of the CELFE code with NASTRAN (CELFE/NASTRAN code) 
and the application of the code to selected three-dimensional high 
velocity impact problems are described. (Author) 


A79-21831 * Mode I analysis of a face cracked plate sub- 

jected to rotetionaily constrained and displacements. 8. Gross 
(NASA, Lewis Research Center, Cleveland, Ohio). International Jour- 
nal of Fracture, vol. 14, Dec 1978, p. 623-631. 6 reft. 


A 79- 29027 * f Analysis of high velo c ity impact on hybrid 

compoaita fan bl a des . C. C. Charms and J. H. Sinclair (NASA, Lewis 
Research Center, Composites and Structures Branch, Cleveland, 
Ohio). In: Structures, Structural Dynamics, and Materials Confer- 
ence. 20th, St. Louis, Mo.. April 4-6, 1979, Technical Papers on 
Structures and Materials. (A79- 29002 11-39) New York, American 
Institute of Aeronautics and Astronautics, Inc.. 1979, p. 249-257. 6 
refs. (AIAA 794)783) 

This paper describes recent developments in the analysis of high 
velocity impact of composite blodes using a computerized capability 
which consists of coupling a composites mechanics code with the 
direct-time integration features of NASTRAN. The application of tha 
capability to determine the linear dynamic response of an intraply 
hybrid composite aircraft engine fan blade it described in detail. The 
predicted results agree with measured data. The results also show 
that *he impact stresses reach sufficiently high magnitudes to cause 
failures in the impact region at early timet of the impact event. 

(Author) 


A79-30558 * 0 Experimental evaluation of the effect of inlet 
distortion on compraaaor Wade vibrations. J. F. Lubomski (NASA, 
Lewis Research Canter, Cleveland, Ohio). American Society of 
Mechanical Engneers, Gas Turbine Conference and Exhibit and Solar 
Energy Conference. San Diego. Calif.. Mar. 1215. 1979. Paper. 16 p. 
7 refs. 

Compressor rotor strain gage data from an engine test conducted 
with an inlet screen distortion were reduced and analyzed. The data 
were compared to results obtained from the tame engine without 
inlet pretsu, e distortion to determine the net effect of the distortion 
on the vibratory response of the compressor blades. The effect of the 
distortion was found to be most prominent in the first three 
compressor stages, with the rotor speed establishing the period of the 
complex Wave and. consequently, the frequencies of all the higher 
engine order excitations. At certain speeds it was observed that the 
complex pressure wave had the frequency content to excite a 
number of modes simultaneously, although the overall magnitudes 
were small and we'l within allowable stress limits. AA. 


A79-37292 * 0 CODSTRAN Composite durability structural 
analysis. C. C Charms and G. T. Smith (NASA. Lewis Research 
Center. Cleveland. Ohio) Conference on Fibrous Composites in 
Structural Design. 4th. San Diego. Calif., Nov 14-17. 1978. Paper. 
13 p. 13 refs 

CODSTRAN (Composite Durability STRucture ANalysi*.) a 
NASA Lewis Center computer program for the prediction of defect 
growth and fiacture of composite structures when subjected to 
service loads is presented. Organization, capabilities and present 
status are discussed. Organizational aspects include executive, input, 
output, analysis and composite mechanics modules. Capabilities 
tncludi durability assessment of large structures and complex 
structural parts from composites, structural response due to static, 
cyclic, transient impact and thermal loads, and criteria for static, 
cyclic, and dynamic fracture At the present state ot development 
some of CODSTRAN's analysis capabilities include composite 
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mechanics, static failures, and lamination residual stresses. An 
apple ji ion in uhlch CODSTRAN is used to predict the detect 
growth in a flat specimen, with a center through-slit under tension is 
studied. When completed, COOSTRAN will account for geometry 
and materiel nonlinearities, environmental effects as well as static, 
cyclic and dynamic fracture. M.E.P. 


A793B812 * I Mode I crack surface displacements tor a 
round compact specimen subject to a couple and fore*. B Gross 
(NASA, Lewis Research Center, Cleveland, Ohio). American Society 
for Taming and Materials. National Symposia n on Fracture Meehan ■ 
ks, 12th. St. Louis. Mo.. May 21-23. 1979. Paper. 10 p. 5 refs. 

Mode I displacement coefficients along the crack surface are 
presented for a radially cracked round compact specimen, treated at 
a plane elastostatic problem, tubiected to two types of loading; a 
uniform tensile stress and a nominal bending stress distribution 
across the net section. By superposition the resultant displacement 
coefficient or the corresponding influence coefficient can be ob- 
tained for any practical load location. Load line displacements are 
presented for A/D ratios ranging from 0.40 to 0.95, where A is the 
crack length measured from the crack mouth to the crack tip and D 
it the specimen diameter. Through a linear extrapolation procedure 
crack mouth displacements are also obtained. Experimental evidence 
shows that the results of this study are valid over the range of A/D 
ratios analyzed for a practical pm loaded round compact specimen. 

(Author) 


A79-39613 * * On the equivalence between temiempircal 
fracture analytes and R -curves T. W. Orange (NASA, Lewis Research 
Center, Cleveland. Ohio). American Society for Testing and Materi- 
als. National Symposium on Fracture Mechanics. 12th. St. Louis. 
Mo.. May 21 23. 1979. Paper 32 p. 10 refs. 

The relationships between several semicmpirical fracture analy- 
ses (Brockrath and Glassco, 1974. Newman, 1973. Kuhn, 1968. 
Orange, 1971, Fcddersen, 1971) and the R curve concept of fracture 
mechanics are examined Some characteristics of the R-curve concept 
when applied to finite-width specimens are reviewed, and conditions 
for equivalence between a semiempirical analysis (SEFA) and an 
R-curve are derived. The relationship between R-curvet and SEFAs it 
studied for a hypothetical material. It is shown that for each SEFA 
there it an equivalent R curve, the magnitude and shape of which are 
determined by the SEFA formulation am. parameters, and which 
predicts r<ecisely the same relationship between fracture stress and 
original crack length. A given SEFA correlates residual strength data 
closely if its equivalent R curve closely matches the actual R-curve of 
the material studied. The SEFA given by Newman is found to yield 
best results for the hypothetical case considered Equivalent R-curves 
‘or real materials aie developed using data from the literature. C.K.D 


N7l-1047t'|| TRW. Inc . Cleveland Ohio Materials Technology 
Lab 

A 9TRAINRANOE PARTITIONING ANALYSIS OF LOW 
CYCLE PATIOUE OF COATED ANO UN COATED RENE SO 

C S Konovich and A A Shenker In AGARO Characterization 
of Low Cycle High Temp Fatigue by the Streinrange Partitioning 
Method Aug 19/8 23 p rets Sponsored m pen by Army 
Air Mobility Res and Develop Lab (For primary document see 
N79 10477 01 39) 

(Contract NAS3 178301 

Avail NTiS HC A1S/MF A01 CSCL 20K 

A streinrange partitioning analysis was conducted on ultrahigh 
vacuum, strain-controlled, low-cycle fatigue behavior of uncoated 
and alumimde coated Rene 80 nickel base super alloy at 1000 C 
(1832 FI and 871 C (1600 F* The results indicated little effnet 
of coating or temperature on the fatigue resistance Thera was. 
however a significant effect on fatigue life when creep was 
introduced into the strain cycles The effect of this creep 
component was analyzed m terms of the method of streinrange 

partitioning Author 


NTS- 1 MSS* f Banana Columbus Labe.. Ohio 

STNS SO ANALYSIS PON STNUCTUMS WITH SURFACE 
CRACKS FM Into 
J C Se* Aug 1978 182 p reto 

(Contract NAS3-21020) 

(NA8A-CR- 188400) Avail NTIS HC A08/MF A01 CSCL 
20K 

Two basic terms of enafyolo. one treating stroseso around 
arbi tra rily loaded circular crocks, the other treating stresses duo 
to toads arbitrarily dtot rib used on the surface of s hod apooo. 
are united by e boundary -point least squares method to obtain 
analyses tor stresses frem surface creche in p iec e s or bars. 
Calculations wars tor et«u0i caaas to show how oNsc t a bam 
the crack vary with the depth-to length ratio, the fractional 
pinumipn ratio, tho obliquity of the load, and to aofna amnt 
tho fractional apan ratio Tha rtrula inokida plots showinQ strass 
intsnsity factors, strass oompooaat distributions nsar tho crack, 
and crack opanina displacement patterns. FavoraMs oompariaons 
arc shown with two kinds of independent saperimsids. hot the 

ama^^Saaaa 4 few* iwu^wwiM «h . w ^ 

iiwu kaj w cmint rnn^j inv muni ■ spy wnw v i fw. w 

ove ra ll sa t is fact ion ot bo u ndary conditions, so that sxternsl 
confirmation is not essential. Principles imrolved in dsaigning 
snaiysos which promote dependebdity of tha results ere prapoaod 
and duet rated A.R.M. 


N 78- 18488* I BattoBs Columbus Labe . Ohio. 

U 888*8 MANUAL FOR FNACSO: RUFFLE 888 NT TO 

R8FONT ON 8TD888 A8MLY8M FOR 8TRUCTUN88 WITH 
SURFAC8 CRACK* 

J C Bo*. A T. Hopper, and F A. Hayes Aug 1978 128 p 
reto 

I Com red NAS3-2 10201 

(NASA-CR- 158401) Avail NTIS HC A08/MF AOI CSCL 
20K 

Tha FRAC30 computer program, designed for use in 
icdyiing st recces in structures (indudinQ plstss. hers, or Mtrtt) 
which mey contain psrt -crcuiif surface cracks or embedded 
circular cracks is described. Instructions are provided for prcporinQ 
input, including that tor tha supporting programs LATTICE and 
MATSOL as we* as tor FRAC3D. Tho coursa of a substantial 
Illustrative calculation a shown with both input and output. Tha 
formulae underlying the calculations ere summarized and ralatad 
to tho subroutines in which they ere used. Many we use of strategy 
in usmg this program tor analysing etreeeee around surface cracks 
ate slur dated ARM 


N79-18S43*||I Massachusetts Inst of Tech Cambridge 
Aeroelestic end Structures Research Lab 

USER'S GUIDE TO COMPUTER PROGRAMS JET BA ANO 
CIVM JET 88 TO CALCULATE THE LAROE ELASTIC 
PLASTIC DYNAMICALLY INDUCED DEFORMATIONS OF 
MULTI LA YIN PARTIAL AND/OR COMPLETE STRUCTURAL 
RINGS 

Richard W H Wu Thomas R Stagliano. Emmett A Witmer 
and Robed L Spilker Nov 1978 381 p refs 
(Grant NCR 22 009 3391 

(NASA CR- 169484. ASRL-TR 164 101 Avail NTIS 

HC A17/MF A01 CSCL 20K 

These structcrel ring deflections ha essentelly in one plane 
end. hence ere called two-dimensional 12-d) The structural rings 
may bo complete or partial the foimer mey bs regarded as 
representing a fragment containment ring while the letter mey 
be viewed as a 2-d fragment deflector structure These two types 
of rings may bs either free or supported in various ways 
ipmnsd fixed locally clamped elastic -foundation supported, 
mounting bracket supported etc I The mitral geometry of each 
ring mey be circular or arbitrarily curved uniform thickness or 
variable-thickness rings may be analyzed Strain hardening and 
strain rate effects of mitially-isotropic material are taken into 
account An approximate analysis utilizing kinetic energy and 
momentum conservation relations is used to predict the 
after imptct velocities of each fragment and of the impact effected 
region of the ring this procedure is termed the collision. impeded 
velocity method ICIVMI and is used in the CIVM -JIT 6 8 program 
This impeded velocity information is used in csniunction with a 
finite-element structural response computation code to predict 
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th* transient large-deflection elastic-plastic mpo om of I ha ring 
Similarly. «ha aquation* of motion of each fragmant ar* solved 
m i mall itap* in lima Provision* ar* mad* in tha QVM JET 
5B coda to analyte *tructural ring rasponaa to impact attack by 
from I to 3 fragmant*. aach with its own sit*, mass, translational 
velocity components, and rotational velocity Tha affects of friction 
between aach fragmant and the impacted ring are included 

FOS 


N7B-1B414*f California Unrv at Lo* Angelas. 

NOMUNI All EQUATIONS 01 SOUIUBNIUM PON I LACTIC 

hbucotten on wino tunrinb blaoib unobnoomm 

MOOCNATT DEFORMATION PM B apart 

Avm Noaon and Pared P Friedmann Doc 1B7B 104 p rat* 
(Oram NaG-30B2. Contract t(4S-26)-102B) 

(NASA -CR 16847S. UCLA ENG 77 IS; 

D0E/NASA/3082-7B/1) Avail NTIS HC A06/MF A01 CSCL 

20K 

A sot of nonfmaa r aquation* of equilibrium for an elastic 
wind turtotfw Of hiiicopltf btodM nt pmiotid ThiM iquttioni 
are denvod for tha caaa of sma.1 strain* and moderate rotations 
(itopn). Tht derivation includw ifrtfil murnpfmn whi c h irt 
carefully stated For tha convomonc * of potential users the 
aquation* are developed with reaped to two different systems 
of coordinates, the undaformed anrl the deformed coordinate* 
of the blade Furthermore tha load* ad mg on tha blade ar* 
given in a general form so aa to make them suitabia tor a 
variety of application* Tha aquations obtained in tha study are 
comp wed with Tftoil obtiinad in previous studies LS 


N7B-20BN2*! California Univ. at Los Angela s . 

NONUNBAN IQUATIONS OP IOUIUNNIUM PON KUkSTIC 

HsucorrtN on wino tunnins blades undergoing 

MOOS NATE DSPONMATION PM Nepert 

Aviv Rosen and Pared P Fnadmar. Dec 1B7B 106 p reft 
Prepared for DOE 

(Grant NsG 30S2. Contract EI4S-26)- 1028) 

(NASA-CR- 158478. D0E/NASA/30S2-78/1; 

UCLA-ENG 77181 Avail NTIS HC A06/MF A01 CSCL 20K 
The equations ar* derived tor the case of smalt strain* and 
moderate rotation* (slopes) For the c o nvenience of potent*! users 
the aquations are developed with reaped to two different system* 
of coordinates, tha undaformed and tha deformed coordmataa 
of the Made Tha loads admg on tha biada ar* given in a 
general form so as to maka them suitabia tor a variety of 
application* Author 


of the layer* ar* chosen such that th* crack lies m a layer of 
matns material while th* surrounding material possess** Ilia 
average elastic properties of a two phase medium consisting of 
a large number of fibers embedded in tha matns Quantitatively, 
tha time-dapandent stresses near the crack border can be 
described by tha dynamic stress intensity factor* Than magnitude 
depend* on time, on the material properties of th* composite 
and on th* relative sue of th* crack compared to th* composite 
local geometry Results obtained show that, for th* tame material 
properties and geometry of the composite, the dynamic stress 
intensity factors for an embedded (penny -shaped) crack reach 
their peak value* within a shorter period of time and with a 
lower magnitude than tha corresponding dynamic stress intensity 
factors tor a through- crack Author 


A7B-2782B * Stress*! from arbitrary loadi on a circular 

era*. J. C. Bell (Battel Is Columbui Laboratories, Columbus. Ohio). 
Imamational Journal of Fracture, vol. 15. Feb. 197B. p. 85-104. 18 
refs. Research supported by th* Batteilt Memorial Institute and Bell 
Aerospace Co.; Contracts No. F33615 72 C-1739: No NAS3 17780. 

An inclusive theory is developed tor presses and displacements 
due to arbitrarily distributed normal and tangential loads acting oil a 
circular cadi in an infinite body. Th* representation chosen for th* 
boundary conditions leads to solutions expressed at series of Bessel 
function integrals of a class quit* susceptible to further analysis and 
to rapid evaluation on modern computers. Th* load coefficients 
which appear in s!> the solution series bear intelligible interpretation, 
and stress intensity factors ar* related to them by simple formulas. 
Th* mdusivsnass and tractability of th* solutions qualify this theory 
to be a useful part of analys-'s for cracks in finite bodies in which th* 
effective ciack loads can assume many pattern*. (Author) 


N7B-2B428*# Syracuse Umv . N Y George Sachs Fracture 
■od Fatiout RtMirch Lib 

A LITERATURE REVIEW ON FATIGUE AND CREEF 
INTERACTION 

Wan Chmg Chen [1978] 41 p refs 
(Gram NCR 33 022 167) 

(NASA CR 136306 MTS-HWL 41 16-776) Avail NTIS 
HC A03/MF A01 CSCL 20K 

Life time prediction methods, which are based on a numbei 
of empirical and phenomenologicel relationship*, ar* presented 
Three aspects are reviewed effects of testing parameters on 
high temperature fatigue life time prediction, and high temperature 
fatigue crack growth M M M 


N7B-31627*! Lehigh Univ Bethlehem Pa Inst of Fracture 
and Solid Mechanics 

NORMAL AND RADIAL IMPACT OF COMPOBITE8 WITH 
EMBEODED PENNY SHAPED CRACKS Interim Repuri 

G C Sih Feb 1979 54 p refs 
(Grant NsG 3179) 

(NASA CR 159638 IFSM 79 991 Avail NTIS 

HC A04/MF A01 

A method is developed lor (he dynamic stress analysis of a 
layered composite containing an embedded penny shaped crack 
and subiected to normal and radial impact Th* material (..operties 
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43 EARTH RESOURCES 

Include* r*mot* tensing of earth r* tour CM by aircraft 
and spacecraft photogrammatry. and atrial photography 
For matrumaniation taa 35 Initrummtitan ant 
Photography 


N79-1S472*# National Aeronau tic* and Spaca Admimat ration 
Lamia Roeeorch Cantor. Onaland Ohw 

APPLICATION OF MULTI RPfCTRAL SCAN NCR DATA TO 
TNI tTUOY OP AN AOANOOMO tU IIP ACS COAL MINI 

Erma W Spar Nov 1171 N p rah Original contain* color 
Nuatrattona 

(NASA TM-79912. E-SS47) Aval NT1S HC AOS/MF A01 
CSCL Ml 

Tha utNtty of aircraft muitiapaclral acannar data for describing 
the imd covtf fsiursi of 01 sbt n do n o d contour mwiod cool 
ftMOi is coondvftd Th# dots Rtft oMtintd with so 1 1 bond 
muftiapoctral acannar at an aftrtuda of 1.2 Momotort Suporvwod. 
inaaimum-hkaMtood statistical daaafftcaliona of tha data war# 
mods to MtiWsh land-cow dsssos sod sfso to dosenbo m 
moro dated tha barran aurfaca foaturaa at thay may partam to 
tha radamation or root oration of tha araa Tha acannar data for 
tha aurfaca -wratar aroaa war* atudiad to o at abtiah tha venaMtty 
and ranga of th# apactral signature* Both day and night tharmal 
imapai of tha araa ara p raaantad Tha raauTti of tha study ahow 
that a high dtgraa of atatwtical separation con ba obtainad 
from tha muhmpnclral acannar data for tha vanoua land covar 
faaturaa G G 


N7S-22SM*# National Aaronautict and Spaca Admniatration 
Lawn# laaaarch Canter Clavaland. Ohio 

A COMPARISON OP MEASURIO AND CALCULATED 
UPWILUNO RAOIANCI OVfR WATER AS A FUNCTION 
OP MNSOR ALT1TUOI 

Thom A Conay ard Jack A Salrman 1979 19 p raft Praaantad 
at tha 13th Inter" Symp on Remote Sanaing of Environment 
Ann Arbor Mich 23-27 Apr 1979 aponaorad by Mich Unnr 
(NASA TM 79147. E-0031 Avail NTIS HCA02/MFA01 CSCL 
MH 

A companion n made between remote Mnamg data measured 
over water at altitudes ranging from 30 m to 15 2 km and 
data calculated for corresponding altitude* using surface 
measurement* and an atmospheric radiative transfer modai Oats 
war* acquired on June 22. 1978 in Lake Ena. a cloudSaM. 
calm near hate free day Suspended solids and chlorophyll 
concentration! war* 0 59 * or - 0 02 mg/ 1 and 2 42 ♦ or 
0 03 microgrami/1 raapoctrvaly throughout th* duration of th* 
aapanmant Remote tensor data war* acquired by two multiapac- 
trel scanner* each having 10 band* between 410 nm and 1040 
nm Calculated and measured nadir radiances for altitude* of 
152 m and 12 6 km agraa to withm 10% and 14% respectively 
Tha variation m mastuiad radiance with look angle wot poorly 
simulated by th* modal It was concluded that an accurate 
asMStmam of th* source of error will 'aquira tha :lu*K>n in 
th* analysis of th# contributions mad* by tha Md ate and 
specular sky reflectance Author 


N7P 22 MO* | National Aeronautics and Space Administration 
Lewis R*mi eh Cantar. Clavaland Ohio 

PEABISIUTY OP DETERMINING PLAT ROOP NEAT LOME! 
USINO AERIAL THERMOORAPHV 

Robert L Bowman and John R Jack 1979 17 p reft Praaantad 
at th* 13th Intern Symp on Remote Sensing of Environment. 
Ann Arbor Mich 23 27 Apr 1979 sponsored by Mich Unrv 
INASATM 79152 E 99911 Avail NTIS HC A02/MF A01 
CSCL 138 

Th« utility of aansl thermography for determining rooftop 
hast loss** was investigated aipanmar tally using save 
completely mttiumantad last roofs wtth known tharmal rMilt 
ancM Actual rooftop hast Iosms ware obtainad both from in -situ 
man. 'mentation and aanal tharmog-aphy obtainad from overflight* 
at an Mutuda "I 305 m In ganaitl th* remotely determined 
roof surfs'* temperatures agreed vary wall with those obtained 


from ground measurements Tha roof host lo aa aa calc uf at ad ustrvg 
th# ramotafy datarmmad roof tamparatura agreed to wittun 17% 
of thoao catculatad from 1/R delta T using ground measure- 
manta However, tha sgrsamant may ba fortuttou* tine* th* 
co nvective component of th# hoot lost a aansrtiv* to small change* 
m roof tamparatura and to th* avarag* heat tranafar co effi ci ent 
used, whereat th* radiative component a laa* aantitrw Tha. at 
tha tun*, it a fait that an acceptable quantitative datarmmatiori 
of roof heat lo.iaa* using aerial thermography a only faaaibfa 
whan tha convective term a accurately known or mmtmiiad 
Tha aansrtrvfty of th* heat lost determination to environ mental 
condition* was alto evaluated Tha anulyta showed that th* 
moat rsiiabl* quantitative heat lot* determinations can probably 
ba obtainad from aanal thermography taken under condition* of 
total cloud cover wtth low wind speed* and at low ambient 
tamparaturai Author 


A7S-MS37 * * Radar Image processing of real apartura SLAR 
data for th* da taction and identification of icaborg and ship targets. 
J. G. Marthalar (U.S. Coast Guard. Office of Research and 
Development. Washington, D.C.I and J. E. Heigh way (NASA. Lewis 
Retauch Center. Applications Dm.. Cleveland Ohiol. In Canadian 
Symposium on Remote Sensing. 5th, Victoria. British Columbia. 
Canada. August 2831. 1978 Proceedings (A7S364B6 15-431 
Ottawa, Canadian Aeronautics and Space Institute. 1979, p. 
483-494. 

An iceberg detection and identification system consisting of a 
moderate resolution Side Looking Airborne Radar (SLAR I 
interfaced with a Radar Image Processor (RIP) based on a R0LM 
1664 computer with a 32K core memory updatabla to 64K it 
described. The tyitem can be operated in high or low-resolution 
sampling modes. Specifically designed algorithms are applied to 
digitized signal returns to piuvide automatic target detection and 
location, geometrically correct video image display and data 
recording. Tha real aperture Motorola AN/APS 94D SLAR operates 
in th* X-band and it tunable between 9 10 end 9.40 GHz. its output 
power is 45 kW peek with a pulse repetition late of 750 pulses per 
hour. Schematic diagrams of the system are provided, together with 
preliminary test data. C.K.D. 


A 79-51 096 * » Feasibility of determining flat roof haat losses 

using aerial thermography R L Bowman and J R Jack (NASA 

Lewis Research Centei. Cleveland Ohio) Umvernty ot Michigan. 
International Sympouun on lemote Senungot Environment 13th, 
Ann Artmr Mich Apr 23 3/ 19/9 Paper 15 p 8 lets 

The utility of err i*l theimogiaphy toi determining ion! top heat 
losses it investigated Actual rooftop heat losses weie obtained both 
from in situ instrumentation of test roots with known thermal 
resistances and aenal theimogiaphy obtained tiom overflights at a*> 
altitude ot 30b m It is found that the toot heat losses calculated 
using the remotely determined loot tempeiatu'e agreed to Within 
17% ol those calculated from g nil measurements Hnwevet it n 
noted that an acceptable quantitative determination of loot heat 
losses using aenal fheimogi jphy is only feasible when the convective 
teim is accurately known or minimized In addition the sensitivity 
of the flea' loss deteimirat.on to environmental conditions is also 
evaluated Finally the y ilysis shows that the most reliable 
deteim .nations can pinbatiiy tv obtained under conditions of (oial 
cloud covet With low wind speeds and al low ambient tempeialures 

MEP 


N 79 12924*# Environmental Rawarch Inst of Michigan Ann 
Arbor Infrared and Optica Dnr 

ATMOSPHERIC TRANSFORMATION OF MULTI SPECTRAL 
REMOTE SENSOR DATA i tnei Ragan. 2 Nev 1R7S 1 Oat 
1S77 

Robert E Turner Principal invettigatoi Nov 1977 128 p reft 

ERTS 

I Contract NAS3 204831 

(E79 10006 NASA CR 136338 ERIM 126100 3 FI Avail 
NTIS HC A07/MF A01 CSCL 20f 

The au'fior has identified tha following significant -Mutts 


131 



Th* affccti of aartht atmoephere were ec counter) for. and a 
simple algorithm hated upon a radiative iranafer model, wai 
developed to determine the radiance at earth i lurtace free of 
atmoapheric affect! Acetal multiapectral remote aeneor data for 
Lake Erie and aaaociated opt'Cal thickneaa data were need to 
demonatrata the effectrvenett of the atmoaphenc transformation 
algorithm The be tic transformation wet general in nature and 
could be applied to the large ecele processing of multiapectral 
aircraft or aoteHre remote sensor data 
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44energy production and 

CONVERSION 

Include* ipccific eneigy conversion tyitemt. i* g fuel 
cells end betteries globel sources ol energy losi.il fuels 
geophysical conversion hydioeleclnc poerei and wind 
power 

for relsled irlormelion sec also 07 Aircraft Propuli ion 
And Power 20 Spacecraft Propulsion and Power 70 
Propellants and fuels and 05 Urban Technology and 
transport at rot I 


N76 11467* National Aeronautics end Space Administration 
Lewis Reeearch Center Cleveland Ohio 

SOLAR C(US HAVING INTI GRAl COlliCTOR GRIT l 

Potent 

John c fvans J inventoi Ito NASA) Issued 1 Aug 1 17 1 

7 p filed 6 Jun 1977 Supersedes N7 7 24593 115 ’5 

p 20111 

iNASA Case UW 12619 1 US Patent 4 104 084 

US Patent Appl SN 80.1823 US Pateru Class '36 89CC 

US Patent Class 136 89SJ US Patont Class 357 '5 

US Patent Class 35 7 '6 US P,t«-i Class 357 30 

US Patent Class 357 65 US Patent Class 357 67l Avail US 

Patent Office CSCl tOA 

A l e’nroiunction or Scbot’ky bairiei photovol’aic device is 
desebed comprising a conductive base metal layer A back 
su'*a e fielJ -ngion was formed at the interfere between the 
device and the base metal laye' a tiansoarent conductive mised 
metal us-Je laye' m integral contact with the n type layer of 
the hetr lopmctirm or Sr hottky baine' device A metal alloy grid 
network was included An insulating layer prevented electncal 
i ntact between the conductive metal base layer and the 
transparent .unduchve metal oaide layer 

Otfic iai Gazette of the U S Patent OPire 


N 79 11466' Nat tonal Aeronautics and Spate Administration 

Research Center Cleveland Ohio 

APPLICATION Of SEMICONDUCTOR DIFFUSANTS TO 
SOLAR CELLS BY SCREi N PRINTING Pmnt 

John C Jr Henry V\ Bandt>or*t Jr George A Maze n* 

and Ljrry R 3c udder »nventor* tto NASA' Issued 1 A u g 19 78 
S p filed 20 May 197? Supersedes N?7 24589 lib IS 

p 2010' 

NASA Case LI A 1*775 1 US latent 4 104 091 

N 19 i »t« • In 149 88 
US Patent Gass ?9 S72 US Patent Cljki 1 36 89 
US Petedl Qit» 4 2 1 7 •* Avail US Patent Ofh*-# CSCL 10A 
0'ffusants were applied onto tern it undue »o» sola* cell 
tubsfiates ij\ing scree' printing In inugurs Thr method A45 
appm alar to vqui'r and rvetanyuter c ell* and ran be used to 
apply dopants of oppos tr type*, to the front and Pact of tt*e 
substrate Then suntjit aneuut diffusion of both dopants can be 
performed with a single furnace ;j«s\ 

Off* tai Gazette of the U S Patart Office 


N7S 11472* Net. one 1 Aeronautics and Spa* r AdfluntftttlfiOn 
Lewi* Research Center Cleveland Ohio 

SOLAR Cl U COLliCTOR AND METHOD FOR PROOUCINC 

SAMI Patent 

John C f vent Jr mvento' to NASA' Issued ? 4 Oct 1 9 79 
5 p Fiieu . 1 • 19 7 7 Division of US Patent Appl SN 7/0869 

filed 22 fe b 19 7/ US Patent 4 087 S69 
NASA . a*.e if A 12452 2 US Pa*» I 4 122 214 
US Patent Appl SN 844346 US Patent Oats 4° 7 ?S 
US latent Clav. 4 21 84 US Patent Gaea 42 7 123 
US Pa.ent Oats 42 7 i?6 US Patent Oast 42 7 261 

US Patent Claw 42 7 343 US Patent Dess 4 2 7 398A 

L J S Patent Qiu 42 7 399 US Patent Lie** 29 572 

US Patent 4 002 569 US Patent App< SN 7 70869 Avail US 

Patent Office CSC l 10A 

A tfampa'ent unductive c ofiet for la*# 1 containing conductive 
metal channel* t tu-med as a layer on e photovoltaic substrata 
by coating # photovodan SobtPett with 4 conductive mised 


metal laye- A heat sink having portions protruding from one of 
>U surfaces is attached These protruding portions define a 
continuous pattern in combination with recessed regions among 
them such that they are m contact with the conductive layer of 
the photovoltaic substrate Meeting the substrate while simul 
tenenwsiy cvtdi/mg the portions of the conductive layer eiposed 
to a gaseous oaidi/mp s ubst ani e toned into the recessed regrons 
of the heat sink creates a transparent metal oaide layer on tha 
substrate A contmout pattern of highly conductive metal channs s 
is contained m the metal oaide layer 

Official Ga/ette of the U C Patent Office 


N74 11477*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

OPTIMUM DRY COOLING SU9 SYSTEMS TOR A SOLAR 
AIR CONDITIONER 

James L S Chen and David Namkoong Oct 1978 41 p 

tel* 

iNASA TM 79007 f 9/08' Ava'i NTIS HC A03 Mf A01 
CSCL IGA 

Dry cooling sub system*, tor residential solar powered Lankina 
compression air tend***' we*e economically optimized and 
compared with the cost of a we» -.oolmg tower Results m terms 
of yearly incramar tet busbar '*o»t due to the use of dry cooling 
si'f presented to* rhii^delphia and Miami With input data 
correspond.. ig to iPCAt wrafher energy 'ate jnd capital costs 
conder*er surfer** design. and performance the computerized 
. .'tirmrai. 'n program yields design specifications of the sub 
.Jam whit n has the lowest annual incremental cost Author 


N79 11478*a National Aeronautics ami Space Administration 
Lew;? Research Ce» l*r Cleveland Ohto 

PFICLIM NARv SUMMARY OF THE ETF CONCEPTUAL 
STUDIES 

Georf* R Saikel Honed W Hen. a* C Victor Pearson (Argonne 
Natl lab l and W*ilum H Owens Gilbert As so- Inc I 1978 
20 p »ef\ Present* 1 at the 4th US USSR Colloq on MHD 
Elec Powe. Gene rat 1 Jt Washington D C 5 b Oct 1978 
.Contract » f 77 A 01 21 I 

NASA TM 79999 f 9793 UOI NASA 2674 78 1l Aval 
NTIS MC A02 Mf A0 1 ~SCl 10A 

Powe* plant studies have shown the attractiveness of MHD 
topped steam power plants tor baselnad utility applications To 
'•al>/e these advantages «i ’hrer phase development program 
was initiated In the fust ph»s e the engineering data and 
eiperieme were developed fi»» the les.yn and construction of a 
pilot piam the I ngmeenng Test facility ITF| Results of the 
ETF studies a*e reviewed irie*.r *» r»** parallel ifKte(Mndint studies 
were conducted tiy irdustrij' tea- • led by the AVCO E ve'ett 
Research iabo«atory the Gene a< f lectnc Lo»po*at.or and the 
Westinghouse Ci. %, »*’»ratior' A pieli -nary .malysi*. and the status 
of the critical evaluation of these results a«e presented L S 


N79 11479** Nai 1 •«* . t and '•i-a-*- Admmiitraiiofi 

Lewi* Research Center Cleveland Ohio 

SUPPLY OF REACTANTS FOR RE00X BULK ENERGY 
STORAGE SrtlftMS Final Report 

Rf.idali F Gahn Set) 19/0 t? p »efs 
Contract f 49 28 1002' 

NASA TM 78995 E 97/9 DOt NASA UX>? /8 1 1 Aval 
NTIS MC A02 Mf A0 1 CSCL 10A 

World reSOuf es reserves pftidu* tKJ»» a»wl iosIs of *eai tan! 
matenals non chromium titanium and bromine for profiosed 
redo* tell t>ulk • rrgy storage systems a*r ‘evrwed Supplyir.g 
i#qu"ed rratenais to* mulbmeyawaf! hour systsr^s appears to 
t*e feasible rve at cu'rent p-.-duitio*' levels Iron ar»d chromium 
ores a*e th#. niu^t abundant and lowest cost nt tou» tear tent* 
L; • t» • » if* *. r»c>t a (furriest 'esr*ve but f#(fO« %\ stem in%taHatfOn% 
would <eprrsent a \»» al •* act ion of I S in.poits Vast guanf'ties 
uf b'umine a ■ r available but pirM'it pn»du> tmn 1% low and 
*^e etn>e os' ■*. * j» Tdaniur 1% unenily ava> able j* 'ej'.uf*ab*e 
1 ost w t» ample rur'vrr 4*4 able for '»»e »»e«t f**t v yea's 

S B S 
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N79 11 480* a NafiO”*i Aeronautic* »nd Spare Administration 
lewis Rn^irch Center Cleveland Ohio 

CORRECTIONS OF CATALYTIC COMBUSTOR PERFORM 
ANCI PARAMITIRS 

Daniel L BullAi Oct 19 78 15 p refs P'*«anted at the 3d 

Workshop on Catalyse Combust Ai tw eiR s N C 2 4 0< t 19 78 
sponsored t>y IPA 
(Contract (C 77 A 31 1040' 

I NASA TV 79014 E 9803 DOE NASA 1040 78 4) Avail 
NTlS HC AO 2 V? A01 CSCL 10A 

lot combustion effinency percentage r1>op and 
the Minimum required adiahafu eartion temperaUr* necessary 
to meet nmtsMons gnats of 13 6 g CO Sy fuel and 1 64 g 
HC'fcy fuel a * presented Combustion efficiency was found to 
t)« a function of the call density cat* circumference raactoi 
lar.giti reference veloc ty and eduhafic reaction tamp# at ire 
Tha perte ’’ige pressure drop at an adiabatic t»on t#mp#iatui# 
of 1450 R was found to be proportional to the reference velocity 
to th# 1 5 poatf and to tha rear tor langth It It inversely 
propodionai to th# piessu*** cell hydraulic dumetar and 
fractional opart area Th# minimum required ad<ahat;c reaction 
tamp#ratur# was found to increase with reference vale iVy and 
decrease wth cal' ircumferem # cell density and leactor length 
A catalyst factor was introduced into the correlations to account 
for diffarancas hat wean catalysts Combustion efficiency tha 
parcan*ag# pressure drop and the minimum required adiabatu 
reac tion temperature weie found to he a func tion of the r atalyst 
factor Th« data was from a 1? cm d«amete> test »»g witl* noble 
m«tai reactors using propane fuel at an imef temperature of 
800 K S B S 


N79 1 1481 *• National Aeronaut* and Space Administration 
Lewis Hesearch Canter Cleveland Ohm 

THERMAL STORAGE FOR INDUSTRIAL PROCESS AND 
REJECT HEAT 

R A D use ha end W J Mesne 1978 14 p rets Presented 

at *.he 2d Conf on Waste Heat Management and Util V.imi 
Beach tie 4 6 Dec 197H 

I Contract ir 7 / a ji 1034 

• NASA TV 78994 ( 97 77 DC*. NASA J34 78 3* Avail 

NTlS HC A02 ME A0 1 CSCl 10A 

(industrial produc lion uses atiout 4 0 per' ent of the to' al energy 
consumerl if. the United States Th# m »jo» share of this is derived 
from fossil fuel Potential savings of scene fuel •% possible through 
the use of thermal energy storage TfS* of reject or process 
heat tor subsequer t use Three espei tally significant industries 
where high temperature T15 jppea'*. attrac tive pepei jr.d pulp 
non and steel and cement ne disc ussed Potential annual fuel 
savings w»th large vale implementation of nea» term TES 
systems fo» these three mdustrres is nearly 9 000 000 bbl of 
oil S 6 S 


N79 1264B*| National Aeronautics anq Space Administration 
Lewis Hesearch Canter Cleveland Ohio 

MlCrOPROCEttOR CONTROL OF A WIND TURBINE 
G( NEBAT0B 

Arthur J Gnacco and U.'ry T Whitjheed 1978 17 p Presented 
at the Conf on Ind Appi Microprocessors Philadelphia 20 22 
Va* 1978 sponsored by Ifl5 
(Contract I .49 26i 1028 

NASA TV 79021 E 9818 D0E/N4&A 1028 78/20) Avail 
NTlS HC A02 Ml A0 1 CSCL 108 

A mw ropioc assoc I a sad system was isad to control the 
unattended operation of a wind turbme yen#, jtor The turbine 
and its microcomputer system are fulry described with special 
emphasis on th# w >de variety of tasSs pedormod by the 
microprocessor for th# safe and efficient operation of tha 
turt>«n# The hentMliTy cost and raliabil'ty of tha microprocessor 
were major factors in its selection A A 


N79 14829* Natrona' Aeronautics and Space Administration 
Leans Research Center Cleveland Ohm 

BACK WALL BO LAB Ct LL »*•*•>* 

Henry W Sandhurst Ji inventor to NASA) Issued 26 Dec 
1978 5 p Filed 24 Apr 1978 Supe-sedes N78 25556 « 1 6 


18 p 2137) Continuation m part of abandoned US Patent Appi 

SN 780771 filed 19 Jan 1977 

(NASA Casa LEW 12236 2 US Patent 4 131 466 

US Patent Appi SN 899123 US Patent Oast 136 89SJ 

US Patent Qett 357 30 US Patent Appi SN 760771) Avail 

US Pttant and Trademark Office CSCL 10A 

A solar cell it disclosed which comprises a h'V semiconductor 
material of one conductivity type with one face having the seme 
conductivity type but more heavily doped to form ■» field region 
arranged to receive the radiant energy to be convened to electrical 
anargy and a layer of a second semiconductor materiel preferably 
highly doped of opposite conductive, type on the first semteon 
doctor material adjacent the fust semiconductor mater • at an 
interface remote trom the heavily doped field region Instead o* 
the opposite conductivity layer a metallic Schotlky diode layer 
may be used in which case no additional back contact is 
needed A contact * rrh as a g ridded contact previous to the 
radiant anergy may be applied to the heavily doped field 'eyion 
of the more heavily doped same conductivity malarial for its 
contact Official Ga/atta of the U S Parent an J Tiadama'k Ofhca 


N7B 14838*4 National Aeronautics and Space Admi ustration 
Lewis Research Canter Cleveland Ohto 

CATALYST SURFACES FOR THE CHROMGU* CHROMIC 
REDOX COUPLE Patent Application 

Jose D Gmer (Gmer Inc Waltham Mass ) and Kathleen J 
Cahill inventors (to NASA l (Gmer Inc Waltham Mass I Mad 
?9 Nov 1978 13 p Sponsored by NASA 

NASA Case LEW 13148 1 US Patent Appi SN 964 764* Avail 
NTS HC A0? / M F A01 CSCl 10A 

An electricity producing call of the reduction os »dat ion 
(REDOX) type is presented The cell comprise! a container 
dtvided into anode and cathode compartments by an ion 
per meat Me membrane The novelty of the invention appears to 
ha m tha provision of selected catalytic coatings with lead on 
tha anode etecliode of a REDOX call to gieatly »"r**ase current 
density NASA 


N7B 16403* • National Aeronautics and Space Administrator- 
Lewis Research Center Qevs'end Ohio 

COMPARISON OF FUEL CELL AND DII6EL INTEGRATED 
ENERGY SYSTEMS AND A CONVENTIONAL SYSTEM FOR 
A 600 UNIT APARTMENT 

Stephen N Simons a»>d William L Vaag *‘.ov 19 78 26 p 

refs 

(NASA TM 79037 E 9835) Avail NTlS HC A03 ME A0 1 
CSCL 108 

Th# electoral and thermal energy utilization efficiencies of a 
500 unit apartment complei are analyzed and compared for 
each of th'ee energy supply system* Two on vie integrated 
energy system* on# powered by diesel engm«* ersl th# othe* 
by phosphoric acid fuel cells were compared with * conven 
tionel t stem which use* purchased electricity and on site t>oil«’* 
for heating All fuel* consumed on Site are clean synthet.i fuels 
iditt Hate fuel oil or pipeline qualify gas 1 dewed from coal 
Purchased electricity was generated fr :oa> ai a centie sta* o* 
utility Th# relative energy contumpt-v. and sionomu-i. of the 
three system* are analyzed and compared Author 


N 79 16410** National Aeronautic:, and 'Space Administration 
lewis Research Canter Cleveland Ohio 

BENEFITS OF SOLAR FOSSIL HYBRID GAS TURBINE 

SYSTEMS 

Harvey 5 Bloomfield 19 78 18 o »afs Proposed fo» P»v*entet»on 
at the Gat Turbine Conf and Solar Erie'yy Co»'f San Diego 
Calif 12 15 Mi- 19 79 sponsored by Am Sex of Mach 

Eng* 

NASA TM 79083 i 9905) A%eii NTlS Hr A02 ME AQi 

CSCl 10A 

The orient «• benefit* of sola' fossil hyb ges tu'bne power 
systems were assessed BoP retrofit and i*ew systems were 

considered from the aspects of cost of electricity fuel conserve 
lion ope «t*onel mode techooioyy requirements §nd fuel* 
Menbility H,*hnd etrofii 'rpowv.'igi of enst'^g combustion 
'simple B'ayton » yclei turbmes can provide nee* term lj» savings 
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and solar experience while new and advanced recuperated 01 
combined cycle systems may be an attractive fuel saving and 
economically competitive vehicle to liens. hoc, trom today * gas 
si"' oil (tied poweiplants to other more abundant fuels Author 


N7S- 1441 1*0 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PHOTOVOLTAIC PC R SYSTEMS FOR RURAL AREAS 
Of DEVELOTKFO i ... JUTRIES 

Louis Roeenomm Wil' -m J Biffcno. G.vald F Hem and Anthony 
F Ratanuak IS 79 II p '«fs Pusanled at the Intern Semmai 
on Solrr Energy Tokyo 5- ID F«L 1979. sponsored by the 
United Nations and Govt of Japer 

INASA TM 79097 E 99? 1) Avail NTIS HC A02/MF AC1 
CSCL 10A 

Systems technology reliability, and present and projected 
costs of ohotovoiiaic r.stems are discussed jsing data derived 
from NASA Lewis Research Cente experience with phrt">voltatC 
systems deployed with a variuty ol uv ' Operating systems in 
two villages one in Uppe> Volta a no <• thcr m southwestern 

An/ona are described Energy cost nsnns are presented 

for photovoltaic systems versus alte-na nnerqy >U rces Based 
on present system technotogv ratiat-lrty a no cos , photovoha 
ics provides a realist'C energy option tor developing nations 

A R H 


S 73 lG3bS*e Naronal Aeronautics and Space Administration 
Lawn Research Center Develand Ohio 

POWER TRAIN ANALYSIS *OR THE DOE NASA 100 kW 
WIND TURBINE GENERATOR Final Report 

Robert C Seidel Haiold Gold aid L«on M Wervel Oct 1978 
57 p refs Prepared fo' DOE 
(Contract E|49 2S 1 0281 

(NASA TM 78997 DOE f NASA, 1026 78/ 1 9 E 94131 Ava 
NTIS HC A04 ME A01 CSCL 10A 

Progress m explaining variations of powei experienced n 
the on ime operatior o! a 100 kW experimental wind turbine 
generator is 'epented Data aie presented that show the oscillations 
tend to be characteristic of a wind driven synchronous genera 
tor because of low torsional damping in the power t'tim 
resonances ot its large s’ructurc and excitation by unsteady 
and nonuniform wind flow The report includes dynamic analysis 
of the dnve tram to'sion the generator passive driveline 
damping and active pitch control as well as correlation v ith 
experimental lecordmgs The analysis assumes one machine on 
an infinite bus with constant geneiator field excitation Author 


N79 18366*0 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

BASELINE PERFORMANCE OF THE GPU 3 STIRLING 
ENGINE 

Lenny G Thieme and Roy C Tew Jr No" 1978 14 p refs 

Presented at the Highway Vohicle Systems Contractors Coo'dirv* 
non Meeting Dearborn Michigan 17 20 Oct 1978 
IContrac! EC 77 A 31 10401 

(NASA I’M 79038 E 9838 DOE NASA 1040 78/5 Avail 
NTIS HC A02/VF A0 1 CSCL 108 

A 10 horsepower Single cyhnde' rhoribic drive Stirling angina 
was converted to a research configuration to obtain data lor 
validation of Stirling computtr simulations The engine was 
originally built by General Motors Research Laboratories for the 
US Army in 1965 as part of a 3 kW engine generator set 
designated the GHU 3 IG'Ound Power Unit! Th.s report presents 
test results fO' a range of heater gas temperatures mean 
compression space pressures and engine speeds with both helium 
and hydrogen as the working fluids Also shown aie initial data 
comparisons with computer simulation predictions Author 


N79 16367*0 National Aeionautics and Space Admmistiation 
Lewis Research Center Cleveland Ohio 

AN OPERATING 200 kW HORIZONTAL AXIS WIND 
TURBINE 

Ovaries L Hunmcutt l Lockheed Aircraft Service Co Ontario Calif I 
Bradford Lmscott and Robed A Wolf 19 78 25 p Presented 
at 23rd Natl SAMPE Symp and Exhibition Anaheim Calif 
2 4 Mav 1978 
• Contract El49 26! 1004) 

(NASA TIM 79034 E 9833) Avail NTIS HC A02/MF A01 
CSCL 108 

The Mod OA wind tu'bme blades were rotated for the firs" 
time on November 30 1977 establishing the Moo 0A as *‘ u 
first wmd driven geneiator in 35 years to be contmcauy tied 
mto an electrical power system which te s a community 
Tower mounted equipment and made structural design and 
fabrication are discussed J M S 


N79 17313* National Aeronautics and Space Administration 
Lews Reseaicb Center Cleveland Llhio 

FORMULATED °LASTIC SEPARATORS FOR SOLUBLE 
ELECTRODE CELLS Patent 

Dean W Sheibiey inventor (to NASAI Issued 9 Jan 1979 
8 p Fi‘ed 10 Mar 1977 Supersedes N77 18560 115 09 

p 11941 

iNASA Case LEW 12358 1 US Patent 4 1 33 9» 1 
US Patent Appl SN 776 146 US Patent Class 429 33 

US Patent Class 429 101) Avail US Patent and Tr jdemark 
Office CSCL 10A 

The fabrication and milling ot membranes comprising a 
hydrochloric acid insoluble sheet of a mixture of a rubbe- and a 
powdered ton transport material are describee The sheet can 
he present a* ) coating upon a flexible and porous substrate 
These mempranes can De used in ondatmn reduction eiectnea! 
accumulator cells wherein the reduction of one member of a 
couple is accompanied by the by the oxidation of the other 
member of the couple on the other side of the cell and this 
must be accompanied by a change in chlonde ion concentration 
in both sides 

Official Gacette of the US Patent and Trademark Office 


N79 17333*« National A -onautics and Space Administration 
Lewis Research Cente' Develand Ohio 

A 200 kW WIND TURBINE GENERATOR CONCEPTUAL 
DESIGN STUDY 

Jan 19. '3 1 ’ I p reis 

1 Contract E(49 261 1028' 

(NASA TM 79032 DOE NASA 1028 79 II Avail NTIS 
HC A 06 MF A0 1 CSCL 108 

A conceptual design study was conducted to define a 
200 kW wind turbine power system configu'ation for remote 
applications The goal was to attain an energy cost of 1 to 

2 cents pei kilowatt hc.ii at a 14 mph site (mean average wind 

velocity at an altitude of 30 ft ' T he costs of fhe Clayton New 
Mexico Mod 0A 200 IW* were used tn identify the comoonents 
subsystems and other factors that were h.yh in cost and thus 
candidates for cost reduction Ffforts devoted to developing 
component and subsystem concepts and ideas resulted in a 
machine concept that is consideiafc’v simple' lighter ir. weight 
and lower in cost than the present Mod 0A wind turbines In 
this report are described ihe venous innovations that contributed 
to the lowet cost and lighter weight design as v.sll as the 
method used to calculate the cost of energy Author 


N79 17 334*> National Aeronautics a^d Space Administration 
Lew.s Research Center Cleveland Ohic 

EFFECT OF THERMAL BARRIER COATINGS ON THE 
PERFORMANCE OF STEAM AND WATER COOLED GAS 
TURBINE STEAM TURBINE COMBINED CYClE SYSTEM 
Firal Report 

Joseph J Namiger Dec 1978 37 p refs 
I Contract Ef 77 A 01 2593: 

NASA TM 79057 F 9807 DOE NASA 2593 78 41 Avan 
NTIS HC A03 MF A0’ CSCL 10B 


135 



An analytics! study was made ol the performance of an 
steam ana water cooled gas tu bine, 'steam turbine combined- 
cycle systems with and without thermal barrier coatings For 
steam cooling thermal barnei coatings permit an increase in 
the turbine inlet temperature from 1205 C 12200 F). lesulting 
in an efficiency improvement of 1 9 percentage points The 
maximum specific power improvement with thermal bai'ieis is 
32 4 percent when the turbine m et temperature is increased 
from 1425 C 12600 F! to 1675 C (3050 F| and the airfoil 
temperatu'e is kept the same Foi vater cooling, the minimum 
efficiency improvement is 2 2 percentage points at a turbine 
inlet temperature of 1683 C 13062 FI and the mammum specific 
powei improvement is 36 6 percent by increasing the turbine 
inlet temperature from 1425 C (2600 F) to 1730 » i3150 FI 
and keeping the airfoil temperatures the same These improve- 
ments are greater than that obtained w th combined cycles using 
air cooling at a turbine inlet temperature of 1205 C 12200 F) 
The large temperature differences across the thermal barriers st 
these high temperatures however indicate that thermel streeses 
may present obstacles to the use cf coatings at high turbine 
inlet temperatures Author 


N79 17336*# National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

EVALUATION OF THE ECAS OPEN CYCLE MHD POWER 
PLANT DESIGN Final Report 

GeC’ge R Seikel Petei J Staiger and Carlson C P Pian Nov 
1978 27 p refs Prepared for DOE 
I Contract EF 77 A O’ 26741 

(NASA TM 79012 E 9799 DOE/NASA/2674 78/2) Avail 
NTIS HCA03/MFA01 CSCL 108 

The Energy Conversion Altemat-ves Study (ECAS) MHD/ 
steam power plant ts described The NASA critics! evaluation of 
the design is summarised Perfoimance nf the MHD plant is 
compared to that of the other type ECAS plant designs on the 
basis of efficiency and the 30-yeai levelled cost of electricity 
Techniques to improve the plant des-gn and the potential 
performance of lower technology plants requiring shorfei 
development time and lower development cost are than 
discussed Author 


N79 1/338*# National Aeronautics and Spaca Administration 
Lewis Research Centei Cleveland Ohio 

PHOTOVOLTAIC TESTS AND APPLICATIONS PROJECT 
Final Progress Report. Apr 1976 Ju.n. 1977 

Nov 1973 90 o 'efs 
(Contract El49 26l 1022) 

(NASA TM 79018 E 9811 DOE/ NASA/ 1 022 78/421 Avail 
NTIS HC A05 MF A01 t-SCL 10A 

The activities and accomplishments of the Photovoltaic Tests 
and Applications Project during thv period April 1976 tnrough 
June 1977 are summarized Results of efforts to identify potential 
neat Mum photovoltaic applications and users are discussed 
including the outcome of an extensive survey of Federal 
government agencies The status of application experiments is 
presented Various geneial engineering efforts are reported 
including the design and construction of a photovoltaic Systems 
Test Facility Effoits to develop a high efficiency 10 kVA 
self commutated inverter and controller specifically designed foi 
photovoltaic systems are also discussed The results of a wide 
vanety of activities the area of photovoltaic measurements 
and standaids arc related Documents generated by the Protect 
during the 'eporung period are listed in an Appendix G Y 


N79 16444’ National Aeronautics and Space Administration 
lewis Research Center Cleveland Ohio 

METHOD FOR FABRICATING SOLAR CELLS HAVING 
INTEGRATED COLLECTOR GRITS l atent 

John C Evans J' mventot ito NASAi Issued 23 Jan 1979 
6 p F led 23 Dec 197 7 Supersedes N78 25558 t16 16 

p 2t38> Division of US Patent Appi SN 803823 Med 6 Jun 
1977 US Patent 4 104 084 

iNASA Case LEW 12819 2 US Pateni 4 135 290 
US Patent Appi SN 863/70 US Patent Class 29 572 
US Patent Class 29 5 78 US Patent Class 29 591 


US Patent Class 148 6 3 US Patent 4 104 084 

US Patent Appi SN 8038231 Avail US p atent and Tiademaik 

Office CSCL 10A 

The photovoltaic devices of the invention are heteioiunction 
or Schottky bainei devices which possess an integral mixed 
metal oxide coating in which is embedded a metallic network 
which functions as an efficient collector of elections set in motion 
by the photovoltaic process The metal grid system is formed 
from the metal elements of the transparent conductive mixed 
metal oxide coating which is in contact with the oxide coating 
which constitutes the barrier of the devices with the semiconductor 
substrate 

Official Gazette oi the U S Paten' and Trademark Office 


N79 16466*# National Aeionautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

ATOMIC HYDROGEN STORAGE METHOD AND AP 
PARATUS Patent Application 

John A Woolam mventoi (to NASA) Filed 6 Feb 1979 

10 p 

(NASA Case LEW 12081 3 US Patent Appi SN 009887) Avail 
NTIS HC A02/MF A01 CSCL 10B 

Atomic hydiogen foi use as a fuel or an explosive is stored 
in the presence ol a strong magnetic field in exfoliated layered 
compounds such as molybdenum disulfide or an elemental layer 
material such as graphite The compound is maintained at liquid 
helium tempeiatures and the atomic hydiogen is collected on 
the surfaces of the layered compound which arc exposed during 
delamination lextoliationl The strong magnetic field and the low 
temperature combine to prevent the atoms of hydiogen from 
combining to form molecules NASA 


N 79 2 0494*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

UTILITY OPERATIONAL EXPERIENCE ON THE NA9A/DOE 
MOO OA 200-kW WIND TURRINE 

J C Glasgow and W H Robbins 1979 30 p refs Presented 
at the 6th Energy Technol Conf . Washington 0 C . 26 28 
Feb 1979 sponsored by Am Gas Assoc ■ Gas Res Inst. 
Elec Power Res Inst . and Thomas Alva Edison Found 
(Contract EI49 261 1004) 

(NASA TM 79084 E9907 DOE/ NASA/ 1004 79/ 1 1 Avail 
NTIS HC A03/MF A01 CSCL 108 

The Mod OA 200 wind turbine was designed and fabricated 
ss part of the Federal Wind Enargy Program Early wind turbine 
operation and performance data were obtained while gaming 
initial axpenence in the operation ot large horizontal axis wind 
turbines in typical utility environments The Mod OA wind 
tuibine was turned ovrr to the Town of Clayton Light and Watei 
Plant. Clayton NM for utility operation and on December 31. 
1978 (he machine had completed ten months of utility operation 
The machine is described and the recent operational experience 
at Clayton. NMis documented J M S 


N7S 204SC*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

THERMAL STORAGE TECHNOLOGIES FOR SOLAR 
INDUSTRIAL PROCESS HEAT APPLICATIONS 

Larry H Gordon 1979 19 p 'efs 
(Contract EC 77 A 31-1034) 

(NASA TM 79130 DOE/ NASA/ 1 034 79/2 E 99701 Avail 
NTIS HC A02/MF A01 CSCL 10A 

Th# state of the art of thermal storage subsystems for the 
intermediate and high temperature (100 C to 600 C) solar 
industrial process heat generation is presented Primary emphasis 
is focused on buffering and diurnal storage as well as total 
ene-gy transport In addition advanced thermal storage concepts 
which appear piomismg for future solar industrial process heat 
applications are discussed J M S 
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N7t 20t20*f Nation*: Aeronautics and Space Administration 
lawns Research Center. Cleveland. Ohio 

DECAY OF THE ZINCATE CONCENTRATION GRADIENT 
AT AN ALKALINE ZINC CATHOOE AFTER CHARGING 

Harold E Kautz and Charles E May 1979 21 p refs To be 
preserved at the Meeting of the Electrorhem Soc . Los Angeles 
14-19 Oct 1979 

(NASA TM 79106 C 993 1 > Avail NTIS HC A02/MF A01 
CSCl. IOC 

The transport of the z ncate sen to the alkaline zinc cathode 
wan studied by observing the decay of the zmeate concentration 
gradient at a horizontal zinc cathode after charging This dneay 
was found to approximate first order kinetics as expected from 
a proposed boundary layer model The concentrations were 
calculated from polarization voltage' The decay half life was 
shown to be a linear function of the thickness of porous zinc 
deposit on the cathode indicating a very rapid transport of zmeate 
through porous zinc metal The rapid transport is attnbuted to 
an electrochemical mechanism From the linear dependence of 
the half life on the thickness the boundary layer ’hickness was 
found to be about 0 010 cm when the cathode was af the 
bottom of the cell No significant dependence of the boundary 
layer thickness on the viscosity of electrolyte was observed The 
data also indicated a elatrvely sharp transition between the 
diffusion and convection transport regions When the cathode 
was at the top of the cell, the boundary layer thickness was 
found to be roughly 0 080 cm The diffusion of zmeate ion 
through asbestos submerged in alkaline electrolyte was shown 
to be comparable with that predicted from the bulk diffusion 
coefficient of the zmeate ion in alkali JMS 


N 79-21M9*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

EVALUATION OF MOSTAS COMPUTER COOE FOR 
PREDICTING DYNAMIC LOADS IN TWO 9 LADED WIND 

TURBINES 

K R V Kaza (Toledo Umv ). D C Janetzke. and T L Sullivan 
1979 21 p refs Presented at AIAA/ASCE/AHS 20th Structures 
Structural Dynamics and Mater Conf St Louis. Mo 4 6 Apr 
1979 

(Contract EI49 26) 10281 

(NASA TM 79101 DOE/ NASA/ 1028 72/2 E 9925) Avail 
NTIS HC A02/MF A01 CSCL 108 

Calculated dynamic blade loads were compared with measured 
loads over a range of yaw softnesses of the DOE/NASA Mod 0 
wind turbine to evaluate the performance of two versions of 
the MOSTAS computer code The first version uses a time 
averaged coefficient approximation in conjunction with a 
multi blade coordinate transformation for two bladed rotors to 
solve the equations of motion by standard eigenanalysis The 
second version accounts for periodic coefficients while solving 
the equations by a time history integration A hypothetical 
three degree of freedom dynamic model was investigated The 
exact equations of motion of this model were solved using the 
Floquet Lipunov method The equations with time averaged 
coefficients were solved by standard eigenanalysts L P 


N7S 21660*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE ROLE OF THERMAL ENERGY STORAGE IN IHDUSTRI 
AL ENERGY CONSERVATION 

Rudolph A Duscha and William J Masica 1979 13 p refs 

Presented at a Conf or Ind Energy Conserv Techno! and 
Exhibition Houston Tex 22 25 Apr 1979 sponsored by DOE 
and the Texas Ind Comm 
(Contract EC 77 A 31 1034) 

(NASA TM 79122 DOE/ NASA/ 1034 79/ 1 E 99571 Avail 
NTIS HC A02/MF A01 CSCL 10C 

Thermal Energy Storage for Industrial Applications is a maior 
thrust of tha Department of Energy s Thermal Energy Storage 
Program Utilizing Thermal Energy Storage (TESI with process 
or reject heat recovery systems is shown to be extremely beneficial 
tor several applications Recent system studies resulting from 
contracts awarded by the Department of Energy (DOE) identified 
four especially significant industries where TES appears artrac 
live food processing paper and pulp iron and steel and cement 


Potential annual fuel savings with large scale implementation of 
near term TES systems for these industries is over 9.000 000 
bbl of oil This savings is due to recuperation and storage in 
the food processing industry, direct fuel substitution in the paper 
and pulp industry and reduction in electric utility peak fuel use 
through mpl'nt production of dactncrty from utilization of reject 
heat in the steel and cement industries Author 


N7S-21S7S*! National Aeronautics and Spaca Administration 
Lewis Research Center. Cleveland Ohio 
LEWIS RESEARCH CENTER PROGRAM 

D G Soltis In NASA Goddard Space Flight Center The 
1977 Goddard Space Flight Cents' Battery Workshop 1977 
p 133 136 (For pnmary document see N79-21565 12 44) 

Avail NTIS HC A25/MF A01 CSCL 10C 

As part of the NASA lightweight baitery program, the Lewis 
Research Center hus a number of programs that are being 
reviewed A brief and general discussion of these programs is 
presented G Y 


N79 22623* n> National Aeronautic:, and Space Administration 
Lewis Research Center Cleveland Ohio 

PRELIMINARY COMPARISON OF THEORY AND EXPERI 
MENT FOR A CONICAL PRESSURIZED FLUIDIZED BED 
COAL COMBUSTOR 

R W Patch Mar 1979 E6 p refs 

(NASA TM 79137, E 99851 Avail NTIS HC A04/MF A01 
CSCL 10A 

A published model was used for a comparison of theory 
with an actual combustor burning caking bituminous coal and 
using limestone to reduce sulfur dioxiue emission Theoretical 
bed pressure drop was in go "d agreement with eioenment The 
burnable carbon elutriated was not in agreement with expen 
meet at (east partly because the exhaust port was apparently 
below the transport c.sengaging height 'he observed nitrogen 
oxides emission rate was about half the theoretical value There 
was order or magnitude agreement of sulfur dioxide emission 
rates Author 


N79 22624* |f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ANALYSIS OF A FUEL CELL ON SITE INTEGRATED 
ENERGY SYSTEM FOR A RESIDENTIAL COMPLEX 

Stephen N Simons and William L Maag (Solar Energy Products 
Co Avon Lake Ohto) 1979 11 p refs Proposed for presentation 
at the Terrest Energy Systems Conf Orlando Fla 4 6 Jun 
1979 sponsored by AIAA 

(NASA TM 79161 E 0 1 8) Avail NTIS HCA02/MFA01 CSCL 
108 

Declining supplies of domestic oil and gas and .he increased 
cost of energy resulted in a renewed emphasis in utilizing available 
resources in the most efficient manner possible This in turn 
brought about a reassessment of a number ol methods for 
converting fossil fuels to end uses at the highest practical 
efficiency One of these is the on site integrated energy system 
I OS/ IE Si This system provides electric power from an on site 
power plant and recove's heat from the power plant that would 
normally be rejected to the environment An OS/IES is potentially 
useful in any application that requires both electricrty and heat 
Several OS/IES are analyzed for a residential complex The paper 
is divided into two sections the first compares three energy 
supply systems the second compares various designs for fuel 
cell OS/IES L S 


N79 22626*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF STEAM ADDITION ON CYCLE PERFORMANCE 
OF SIMPLE AND RECUPERATED GAS TURBINES 

Robed J Boyle Apr 1979 52 p refs 

I NASA TP 1440 E 9795) Avail NTIS HC ' 1/MFA01 CSCL 
10B 

Results are presented for the cycle efficiency and specific 
power of simple and recuperated gas turbine cycles in which 
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steam is generated and used to ncrease turbine (low Calculations 
showed significant improvements in cycle efficiency and specific 
power by adding steam The calculations were made using 
component efficiencies and loss assumptions typical of station- 
ary powerplants These results are presented for a range of 
operating temperatures and pressures Relative heat exchanger 
site and the water use rate are also examined Author 


N7 9-24442*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

REDOX FLOW CELL ENERQV STORAGE SYSTEMS 

Lawrence H Thaller 1979 lip refs 
IContract EI49 281 1002) 

(NASA TM 79143 DOE/ NASA/ 1002 79/3. E 9996, Avail 
NTIS HC A02/MF A01 CSCL 10A 

NASA Redox systems are electrochemical storage devices 
that use two fully soluble Redox couples anode and call, ode 
fluids, as active electrode materials separated hv a highly selective 
ion exchange membrane The reactants are contained in large 
storage tanks and pumped through a stack of Redox flow cells 
where the electrochemical reactions Ireduction and oxidation) 
take place at porous carbon felt electrodes A stung or stack of 
these power producing cells is connected ir scries in a bipolar 
manner Redox energy storage systems promise to be inexpensive 
and possess many features that provide for flexible design long 
life, high reliability and minimal operation and maintenance costs 
These featuies include independent suing of power and storage 
capacity requirements and inclusion within the cell stack r ‘ a 
cell that monitors the state of charge of the system as a whole 
and a rebalance cell which permits continuous correction to be 
made for minor side reactions that would tend f resul; in the 
anode fluid ano cathode fluids becoming electrochenmcally out 
of balance These system features are described and discussed 

LS 


N 79 24443* * National Aeronautics and Soace Administration 
Lewis Research Center Cleveland Ohio 

DESCRIPTION OF PHOTOVOITAIC VILLAGE POWER 
SYSTEMS IN THE UNITED STATES AND AFRICA 

A E Ratajczak and W J Bdxnn 1373 13 p 'efs Presented 

a* >.hc Photovoltaic Solar Energy Conf Berln. 23 26 Apr 1979 
IContract DE A 101 79E 1204851 

(NASA TNI 79149 DOE/ NASA/ 20435 79/ 1 E OOSl Avail 
NTIS HC A02 ' M F A01 CSCL 10B 

Photovoltaic power systems in remote villages in the United 
States and Africa are described These protects weie undertaken 
to demonstrate that existing photovoltaic system technology is 
capable of providing electrical power for basic domestic services 
foi the millions of small remote communities in both developed 
and developing countries One system is located in the Papago 
Indian Village of Schuchuli in southwest Arizona (U S I and 
became operational 16 December 1978 The other system is 
located in Tangave a rural village in Upper Volta Africa It 
became operational 1 March 19/9 /he Schuchuli system has 
a 3 5 kW (peak) sola: ariay which provides electric power for 
village water pumping a '“frigciatoi for each family lights in 
the village buildings and a community washing machine and 
sewing machine The 1 8 kW ipeak* Tangaye system provides 
power foi community wa'er pumping flour milling and lights in 
the milling building These are both stand alone systems li e 
no back up power sourcel which are being operated and 
maintained by local personnel Both systems sre instrumented 
Systems operations are being monitored by NASA to measure 
design adequacy and to refine designs foi mture systems JUS 


N79 24444*)|l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

BENEFITS OF ADVANCED TECHNOLOGY IN INDUSTRIAL 
COGENERATION 

G J Bama and R K Burns 1979 29 p Presented at EPRI 

Workshop on Cogeneration San Anionio, lex 1 4 Apr 1979 
IContract EC 77 A 31 10621 

(NASA TM 7° 160 DOE NASA 1062 79 1 E 0'6r Avail 
NTIS HC A 3/MF A0 1 CSCL 10B 

This broau study is aimed at identifying the most attractive 


advanced energy conversion systems for industrial cogeneration 
for the 1 985 to 2000 time period and assessing the advantages 
of advanced technology systems compared to using today s 
commercially available technology Energy conversion systems 
being studied include those using steam turbines open cycle 
gas turbines, combined cycles, diesel engines Stilling engines, 
closed eyrie gas turbines, phosphoric acid and molten carbonate 
fuel cells and thermiomcs Specific cases using todays com- 
mercially available technology are being included to serve as a 
baseline for assessing the advantages of advanced technology 

L S 


N7B 24448* § National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

REDOX FLOW CELL DEVELOPMENT ANO OEMON8TRA 
TION PROJECT. CALENDAR YEAR 1977 

Jan 1979 53 p refs 
(Contract EI49 28) 10021 

(NASA TM 79067 DOE/ NASA/ 1002 78/2 E 9883) Avail 
NTIS HC A 04/ MF A01 CSCL 10A 

Research and development on the redox How cell conducted 
from January 1. 1977 to December 31. 1977 are described in 
this report The rnaio- focus ol the effort during 1977 was the 
key technology issues that directly influence the fundamental 
feasibility ol the overall redox concept These issues were the 
development ol a suitable ion exchange membrane lor the system, 
the screening * L study of candidate redox couples to achievo 
ootimum cell i.z ‘o .tn'e. f id the carrying out of systems analy >is 
ano modeling to develop system performance goals and cost 
“stima*es L S 


N79 2444B*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

PERFORMANCE OPTIMIZATION OF AN MHO CENERATOR 
WITH PHYSICAL CONSTRAINTS 

C C P Pian. G R Seikel. mid J Marlin Smith 1979 12 p 

refs Proposed fo: oiesentation at 14th Intersoc Energy Conversion 
Eng Conf Boston. 5-10 Aug 1979 
IContract EF 77 A 01 2674) 

(NASA TM 79172 DOE/ NASA/2674 79/5 E 036i Avail 
NTIS HC A02/MF A0 1 CSCL 10B 

A method to optimize the Faraday MHD generator perform 
ance under a prescribed set of electrical and magnet constraints 
is described The results of generator performance calculations 
using this technique are presented for a v«.iy urge MHD/steam 
plant The differences between the maximum power and maximum 
net power generators are described The sensitivity of the generator 
performance to the various operational parameters are pre- 
sented Authoi 


N79 25481* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

IN SITU SELF CROSS UNKING OF POLYVINYL ALCOHOL 
BATTERY SEPARATORS Petard 

Warren H Philipp Li Chen Hsu and Dean W Sheibley inventors 
Ito NASA) Issued 15 May 1979 5 p Filed 19 Apr 1978 

Supersedes N78 22157 (16 13 p 1674) 

i NASA Case LEW 12972 1 US Patent 4 1 54 9 1 2 
US Patent Appl SN 897829 US Patent Class-526 7 
US Patent Class 429 253 US Patent Class- 526 9) Avail US 
Patent and Trademark Office CSCL IOC 

A battery separator was produced from a polyvinyl alcohol 
sheef structure which was subjected to an in situ self crosslinking 
process by selective oxidation of the 12 diof units present in 
the polyvinyl alcohol sheet structure the 1 2 diol units were 
cleaved to form aldehyde end groups which subsequently crosslink 
through acetalizalion of the 13 diol units of the polyvinyl alcohol 
Selective oxidation was achieved using a solution of a suitable 
oxidizing agent such as periodic acid O' lead tetraacetate 

Official Gazette of the U S Patent and trademark Office 
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N79 26492** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DOE PHOTOVOLTAIC TESTS AND APPLICATIONS PRO 
JECT 

Ron Cull and Tony Rata|czak In OAO Corp Proc of the US 
DOE Photovoltaics Technol Develop and Appi Program Rev 
1978 p 1 166 1 179 (For primary document see N79 25485 

16 44) 

Avail NTIS HC A15/MF A01 CSCL 10A 

The installation date system and location, and solar arrays 
are tabulated S E S 


N79 26498*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

GAS TURBINE CRITICAL RESEARCH AND ADVANCED 
TECHNOLOGY SUPPORT PROJECT Annual Report. 
FY 1978 

John S Clark Carl E Lowell Richard W Niedzwiecki. and Joseph 
J Nairuger Jun 1979 46 p refs 
(Contract EF 77 A 01 25931 

(NASA TM 79139 DOE/ NASA/ 2593 79/6 E 9986) Avail 
NTIS HC A03/MF A01 CSCL 108 

The technical prog>ess made during the first 15 months of 
a planned 40 month protect to provide a critical technology data 
base for utility gas turbine systems capable of burning coal derived 
fuels is summarized Tasks were included in the following areas 
111 combustion to study the combustion of coal derived fuels 
and conversion of fuel bound nitrogen to NOx (21 materials, to 
understand and prevent hot corrosion and (31 system studies 
to integrate and guide the other technologies Significant progress 
was made G Y 


N79 25499*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MHD PERFORMANCE CALCULATIONS WITH OXYGEN 
ENRICHMENT 

C C P Plan P J Staiger and G R Seikel 1979 32 p refs 
Piesented at 18th Symp on Engineering Aspects of Magnetohy 
drodynamics. Butte Montana 18 20 Jun '379 
(Contract EF 77 A 01 2674) 

(NASA TM 79140 DOE/ NASA/C874 79/4 E 9987) Avail 
N i IS HC A03 MF A01 CSC.. 10A 

The impact of owscii enrichment of the combustion air on 
the generator and overall plant performance was studied for the 
ECAS scale MHD/ steam plants A channel optimization technique 
is described and the results of generator performance calculations 
using this technique are pri sented Performance maps were 
generated to assess the impact of various generatoi parameters 
Directly and separately preheated plant performance with varying 
02 enrichment was calculated The optimal level ol enrichment 
was a function of plant type and preheat temperature The 
sensitivity of overall plant performance to critical channel 
assumptions and oxygen plant performance characteristics was 
also examined Author 


N79 26500*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMMERCIAL PHOSPHORIC ACID FUEL CELL SYSTEM 
TECHNOLOGY DEVELOPMENT 

Paul R Prokopius Marvin Warshay Stephen N Simons and 
Robert B King 1979 9 p refs Proposed for presentation u* 
the 14th Inteisooety Energy Conversion Engr Conf Bor'on 
Mass 5 10 Aug 1979 
(Contract DE Al 03 79ET 1 12721 

■ NASA TM 79169 DOE/ NASA/ 1 1 272 79/ 1 E 0341 Avail 
NTIS HC A02/MF A01 CSCL IOC 

Reducing cost end increasing reliability were the technology 
drive's in both the electnc utility and on site integrated energy 
system applications The longstanding barrier to the atta-nment 
of these goals was materials Differences in approaches and 
then technological .'aatures including electiodes matrices intercell 
cooling bipolar separator plates electrolyte management fuel 
st ection a>.1 system design philosophy were discussed Author 


N79-2S601*! National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
SOCIAL AND ECONOMIC IMPACT OF SOLAR ELECTRICITY 
AT SCHUCHULJ VILLAGE 

William J Bifano. Anthony F Ratajczak Donald M Brhr (Arizona 
State Unrv Tampel. and Billy G Garrett (Arizona State Umv . 
Tempe) 1979 18 p refs Presented at the Seminar on Solar 
Technol in Rural Settings Assessments of Field Experiences. 
Atlanta. Ga. 1-2 Jun 197S. sponsored by United Nations 
Umv 

(Contract DE AI-01 79ET20485. 

(NASA TM 79194 DOE/ NASA/ 20485 79/3. E-07II Avail 
NTIS He A02/MF A01 CSCL 10A 

Schuchuli. «i small remote village on the Papago Indian 
Reservation in southwest Arizona, is 27 kilometers (17 mtlesl 
from ihe nearest available utility power Its lack of conventional 
power ts due to the prohibitive cost of supplying a small electrical 
load with a long-distance distribution line Furthermore, alter 
nate energy sources are expensive and place a burden on the 
resources of the villagers On December 16. 1 978 as part of a 
federally funded protect, a solar cell power system was put into 
operation at Schuchuli The system powers the village water 
pump, lighting for homes and other village buildings, family 
refrigerators and a communal washing machine and sewing 
machine JAM 


N7J-2S474* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ELECTROCHEMICAL CELL FOR REBALANCING REDOX 
FLOW SYSTEM Patent 

Lawrence H Thaller inventor (to NASA! Issued 26 Jun 1979 
5 p Filed 9 Jun 1978 Supersedes N78-25554 (16 - 16 

p 21371 

I NASA Case LEW 13150 1. US Patent 4 159.366 
US Patent-Appl-SN 914260. US- Patent- Class 429 15. 
US-Patent Class 429- 1011 Avail US Patent and Trademark 
Office CSCL 10C 

An electrically rechargeable REDOX cell cr battery system 
including one of more rebalancing cells is described Each 
rebalancing cell is divided into two chambers by an ion permeable 
membrane The first chamber is fed with gaseous hydrogen and 
a cathode fluid which is circulated through the cathode chamber 
of the REDOX cell is also nassed through the second chamber 
of the rebalancing cell Electrochemical reactions take place on 
the surface of insert electrodes in the first and second chambers 
to rebalance the electrochemical capacity of the anode and cathode 
fluids of the REDOX system 

Official Gazette of the U S Patent and Trademark Office 


N79 26476*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

HANDBOOK OF DATA ON SELECTED ENGINE COMPO 
NENTS FOR SOLAR THERMAL APPLICATIONS 

Jun 1979 240 p refs Prepared for DOE 
(Contract EX 7b A 29 10601 

'NASA TM 79027 E 9822 DOE/NASA/1060 78 1) Avail 
NTIS HC A11/MF AOi CSCL 108 

A data base on developed and commercially av* .able power 
conversion system components for Rankine and Brayton cycle 
engines which have potential application to solar thermal 
power generating systems is presented The status of the Stirling 
engine is discussed For individual titles see N79 26477 through 
N79 26484 SES 

N79 26477*# National Aeronautics and Spar- Administration 

Lewis Research Center Cleveland Ohio 

SOLAR THERMAL POWER CONVERSION SYSTEM 

Harvey S Bloomfield In its Handbook of Data on Selected 
Eng Components for Solar Thermal Appi Jun 1979 p 3 12 
(For primary document see N79 26476 17 44) 

Avail NTIS HC A11/MF A01 CSCL 10B 

The structure applications and operating concepts of solar 
thermal power conversion system are described SES 
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N7B2t476*f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
RANKINE-CYCLE COMPONENT CHARACTERISTICS 
Thaddeut S Mroz and M Murray Bailey In Its Handbook of 
Data on Selected Eng Components lor Solar Thermal Appl Jun 
1979 p 13 83 (For primary document see N79-26476 17-44) 
Avail NTIS HC A11/MF A01 CSCL 10B 

The performance and cost data for the maior cjmponents 
of steam and organic Rankme cycle power conversion systems 
are presented Rankme cycle comnonents discussed include 111 
steam and organic turbines. (2 1 reciprocating engines (3) surface 
condensers and 141 boiler feed and condensate pumps Compo- 
nent designs component development status operating character- 
istics. availability cost and component experience factors are 
described SES 


N7B-2647S*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
BRAYTON-CYCLE COMPONENT CHARACTERISTIC* 
Thaddeus S Mroz Jack A Heller, and Harvey S Bloomfield In 
its Handbook of Data on Selected Eng Components for Solar 
Thermal Appl Jun 1979 p 85 126 (For primary document 
see N79-26476 17-441 
Aveil NTIS HC A11/MF A01 CSCL 10B 

The gas turbine engine which operates on the Brayton cycle 
principle is described The two basic types of Brayton gas turbine 
engine were developed at d are presented in use the closed 
cycle engine and open cvcle engine S E S 


N 79 26480* n National Aeronaut cs am. Space Adminrstration 
Lewis Research Center Cleveland Ohio 

STIRLING ENGINE CHARACTERISTICS 

Harry M Cameron In its Handbook of Data on Selected Eng 
Components for Solar Thermal Appl Jun 1979 p 127-157 
(For primary document see N79 26476 '7 441 
Avail NTIS HC A11/MF A01 CSCL 1GB 

The Stirling engine is described for tre following facto'. 
(II excellent fuel economy 121 low exhaust em ssions (3) multifuel 
capability 141 flat torque curve and (5) low noise level The 
Stirling cycle free piston engines and the sea's and hydrogen 
containment are discussed S E S 


N79 - 2040 1 * l|f National Aeronautics and Space Admn istration 
Lewis Research Center Oeveland Ohio 

SPEED REDUCERS INCREASERS 

Theddeus S Mroz In its Handbook of Data on Selected Eng 
Components for Solar Thermal Appl Jun 1979 p 159 173 
(For primary document see N79 26476 17 44) 

Avail NTIS HC A11/MF A01 CSCL 10B 

Prime movers such as steam organic engines gas turbines 
Stirling engines and piston engines were designed for peak 
efficiency at specific operating parameters Gear systems are 
used to reduce or increase the output speed of the prime mover 
to the speed requirement of the driven machine at the operational 
load The configurations of gear systems discussed include 
( 1 1 Horizontal parallel-shaft offset (21 Horizontal parallel shaft 
in line (31 Horizontal right angie (41 Vertical right angle and 
(51 Epicyclic S E S 


N79 26482*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMMERCIAL SYNCHRONOUS ALTERNATING CURRENT 
GENERATORS 

James H Dunn In its Handbook of Data on Selected Eng 
Components for Solar Thermal Appl Jun 1979 p 175 186 
(For primary document see N79 26476 17 44 1 
Avail NTIS HC All/ MF A01 CSCL 108 

Diffe ent types of generator and generator system are 
discussed Variable speed and constant frequency systems are 
described The flux switch alternator in alternating current 
generators used for induction hardening was examined for 
industrial utilizatron SES 


N7B-26483*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

ROWER CONVERSION SYSTEM COMPONENT SUMMA 
TION 

Thaddeus S Mroz M Murray Bailey. Jack A Haller. Harvey S 
Bloomfield Robert J Stochl and Robert E Hyland In its Handbook 
of Data on Selected Eng Components for Solar Thermal Appl 
Jun 1979 p 187-190 (For primary document see N79 26476 
17-441 

Avail NTIS HC A11/MF A01 CSCL 10B 

Commercial components applicable to Rankme cycle Brayton 
cycle and Stirling cycle solar thermal power generating systems 
were surveyed The solar thermal power generating systems and 
their components are described Data on these components ere 
presented and include development status availability cost 
operating constraints operating characteristics and experience 
factors SES 


N79-2S464*j|l National Aeronautics and hpace Administration 
Lewis Research Center Cleveland Ohio 

CANDIDATE POWER CONVER SION SYSTEM CYCLES. 
APPENDIX A 

Robert J Stochl In its Handbook of Data on Selected Eng 
Components for Solar Thermal Appl Jun 1979 p 191 209 
(For primary' document see N79 26476 17 441 
Avail NTIS HC A11/MF A01 CSCL 108 

The Rankme cycle Brayton cycle and Stirling cycle are 
described for solar thermal applications The basic cycle 
configuration its operation and the basic relations for calculating 
cycle efficiencies and work outputs are presented The system 
modifications used to increase performance over that of the 
basic cycle are discussed SES 


N79-2*602*i|i National Aeronautics and Space Administration 
Lewi* Research Center Cleveland Ohio 

THE USE OF WIND DATA WITH AN OPERATIONAL WIND 
TURBINE IN A RESEARCH ANO DEVELOPMENT ENVIRON 
TRENT 

Harold E Neustadter 1979 13 p refs Presented at the Am 

Meteu-ological Soc Portland Oreg 19 21 Ji n 1979 
(Corn-act EI49 26) 10041 

(NASA TM 73832 DOE/ NASA/ 1004 79/ 16 E 94 191 Avail 
NTIS HC A02/MF A01 CSCL 10A 

The status of the use of wind information is presented in 
four a'eas namely operational control design verification, power 
performance analysis and lifetime estimation Attention is given 
to some of the identified wind information needs and the steps 
taken to meet these needs MUM 


N79 26503* ill National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

A METHOD FOR CORRELATING PERFORMANCE DATA 
OF A TERRESTRIAL SOLAR CELL ARRAY 

Frederick F Simon May 1979 45 p refs Prepared for DOE 
(NASA TM 79163 DOE, NASA/20485 79/2 E 023) Avail 
NTIS HC A03/MF A01 CSCL 10A 

An analytical method was proposed for characterizing array 
power output in the region of maximum power as a function 
of environmental variables The correlation provided a way of 
evaluating the output of an array under environmental conditions 
that differ from thus* encountered during testing Power data 
obtained at one location was used to predict array performance 
at other locations RES 


N79 26504 * H National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

LARGE HORIZONTAL AXIS WIND TURBINE DEVELOP 
ME NT 

William H Robbins and Ronald L Thomas 1979 16 p refs 

Presented at the Wild Energy Innovative Systems Conf Colo 
Springs Colo 23 25 May 1979 sponsored by Solar Energy 
Res Inst 

(Contract E 1 49 26l 1 059 • 
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(NASA TM 79174 DOE/NASA/ 1059 79/2 . E 039) Avail 
NTIS HC A02/MF A01 CSCl 10A 

An overview ol the NASA ectivities concerning ongoing wind 
syttemt oriented towerd utility application is presented First 
generation technology large wind turbines were designed end 
are in operation at selected utility sites In order to make a 
significant eneigy impact costs of 2 to 3 cents per kilowatt 
hour must be achieved The federal program continues to fund 
the develooment by industry of wind turbines which can meet 
the cost goals of 2 to 3 cents per kilowatt hour lower costs 
are achieved through the incorporation of new technology and 
innovative system design to reduce weight ai d increase energy 
capture Vi M M 


N79 26606*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

RECENT ADVANCES IN REDOX FLOW CELL STORAGE 
SYSTEMS 

Lawrence H Thaller 1979 10 p refs Presented at the 14th 
Intersoc Energy Conve-sion Eng Conf Boston 5- 10 Aug 1979 
Prepared for DOE 
(Contract EC 77 A 31 1002) 

(NASA TM 79186 DOE/ NASA/ 1002 79/4 E 053) Avail 
NTIS HC A02/MF Al/1 CS .L IOC 

Several features which wei conceived and incorporated into 
complete redox systems tha. greatly enhanced its ability to be 
kept in proper charge balance to be capable of internal voltage 
regulation and in general be treated as a true multicell 
electrochemical system rather than an assembly of single cells 
that were wired togethei were discussed The technology status 
as it relates to the two application areas ol solar photovoltai / wind 
and distributed energy storage for eiectric utility applications was 
addressed The cost and life advantages ot redox systems were 
also covered RES 


N79 27683*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

ENERGY STATE FORMULATION OF LUMPED VOLUME 
DYNAMIC EQUATIONS WITH APPLICATION TO A 
SIMPLIFIED FREE PISTON STIRLING ENGINE 

Carl J Damele and Carl F Lorenzo 19/9 2° p refs Presented 
at the Soc for Computer Simulation Pittsburgh 2 1 -22 May 
1979 

(NASA TM 79197 E 0751 Avail NTIS HC 403/ MF A01 CSCL 
10B 

Lumped volume dynamic equations are derived using an 
energy state formulation This technique requires that kinetic 
and potential eneigy state functions be written for the physical 
system being investigated To account for losses in the system 
a Rayleigh dissipation function is formed Using these functions 
a Lagrangian is formed and using Lagrange $ equation the 
equations of motion for the system are derived The results of 
the application of this techmoue to a lumped volume ete used 
to denve a model lor the tree piston Stilling engine The model 
was simplified and piogrammed on an analog computer Results 
are given comparing the model response with experimental 
data Author 


N79 27464*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

REDUCTION OF PARTICULATE CARRYOVER FROM A 
PRESSURIZED FLUIDIZED BED 

R W Patch 1979 2? p refs Presented at 2d Symp on the 
Transfer and Utilization of Particulate Control Technol Denver 
Colo 23 27 Jul 1979 

iNASA TV 79216 E 106) Avail NTIS HC A02/MF A01 CSCL 
10B 

A bench scale lluidi/ed bed combustor was constructed with 
a conical shape so that me enlarged upper part of the combustor 
would also serve as a granular bed filter The combustor was 
led coal and limestone Ninety nine tests of about four hours 
each were conducted over a range ol condrtions Coal to-air 
ratio varied from 0 033 to 0 093 (all lean) Limestone-to coal 
ratio varied from 0 06 to 0 36 Bed depth vaned from 3 66 to 


8 07 feet Temperature varied from 1447 to 1905 F Pressure 
vaned from 40 to 82 psia Heat transfer area had tha range 
zero to 2 72 ft squared Two cone angles were uaed The 
average particulate cairy ovei of 2 6 grains/SCF was appreciably 
Ism than cylindrical fluidized bed combustors The carry over 
was correlated by multiple regression analysis to yield the 
dependence on bed depth and hence the collection efficiency, 
which was 20% A comparison with a model indicated that the 
exhaust port may be below the transport disengaging height 'or 
most of the tests, indicating that further reduction in carry over 
and increase in collection efficiency could be affected by increasing 
the freeboard and height of tie exhaust port above the bed 

Author 


N78-27666*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ENERGY AND COBT SAVING RESULTS FOR AOVANCSD 
TECHNOLOGY SYSTEMS FROM THE COGENERATION 
TECHNOLOGY ALTERNATIVES STUDY (CTAS) 

G D Sageiman. G J Bama and R K Bums 1979 22 p 

Presented at AIAA Terrestrial Energy System Conf . Odando. 
Fla t 6 Jun 1979 
IContract EC 77 A 31-1062) 

INASA TM 79213 DOE/NASA/1062 79/2. AIAA-78- 10001 
Avail NTIS KC A02/MF A01 CSCL 10A 

An overview of the organization and methodology of the 
Cogeneration Technology Alternatives Stu.*v is presented The 
obiectives of the study were to identify the most attractive 
advanced ergrgy conversion systems for industrial cogeneration 
applications in the future and to assess the advantages of 
advanced technology systems compared to those systems 
commercially available today Advanced systems studied include 
steam turbines open and closed cycle gas turbines, combined 
cycles diesel engines Stirling engines, phospoonc acid and 
molten carbonate fuel cells and thermionics Steam turbines, 
open cycle gas turbines combined cycles, and diesel engines 
weie also analyzed in versions typical of today’s commercially 
available technology to provide a base against which to measure 
the advanced systems Cogeneratiun applications in the maior 
energy consuming manufacturing indus'ries were considered 
Results of the study in terms of plant level energy savings, 
annual energy cost savings and economic attractiveness are 
presented for the various energy conversion systems considered 

RES 


N79 28672*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
LIGHTWEIGHT POROUS PLASTIC PLAQUE 

Margaret Reid /n NASA Goddaid Space Flight Center 11th 
Ann Battery Workshop 1973 p 31 42 (For primary document 
see N79 28669 19 44) 

Avail NTIS HC A23/MF A01 CSCL IOC 

The porosity and platability of various materials were 
investigated to determine a suitable substrate for nickel plated 
electrodes Immersion ultrasonics and flow through plating 
techniques were tried using nonpropneiary formulations and 
piopuetary phosphide and bonde baths Modifications to the 
selected material include variations in formulation and treatment 
carbon 'oading to increase conductivity and the incorporation of 
a grid Problems to be solved relate to determining condoctivi 
ties and porosities as a function of amount ol nickel plated on 
the plastics loading charge and discharge curves -i elecfodes 
at different current densities cell performance and long term 
degradation ol electrodes A R H 


N79 28726*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SAFETY CONSIDERATIONS IN THE DESIGN AND OPERA 
TION OF LARGE WIND TURBINES Final Report 

Dwight H Reilly Jun 1979 38 p refs Sponsored in part by 
DOE 

IContract DE AI01 79ET20305i 

INASA TM 79193 E 067 00C/ NASA/20306 79/ 31 Avail 

NTIS HC A03/MF A01 CSCL 10B 

The engineering and safety techniques used to assure the 
reliabl y and safe operation of large wind turome generators utilizing 
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the Mod 2 Wind Turbine System Program as an example is 
described The techniques involve a careful definition of the wind 
turbines natural and operating environments, use of proven 
structural design criteria and analysis techniques, an evaluation 
of potential failure modes and hatards. and use of a fail safe 
and redundant component engineering philosophy The role of 
an effective quality assurance program, tailored to specific 
haidware criticality, and the checkout jnd validation program 
developed to assure system integrity are described Author 


N79-2B72S*4 National Aeronautics and Space Administration 

Lewis Research Center Cleveland Ohio 

8TIRUNQ ENGINES EON AUTOMOBILES 

Donald G Beiemand 1979 15 p refs Proposed toi presentation 

at Intern Conf on Eneigy Use Management Los Angeles Calif . 

22 28 Oct 1979 Sponsored in part by OOE 

(Contract EC 77 A 31-10401 

(NASA TM 79222 E 1161 Avail NTIS HC A02/MF A01 CSCL 
106 

The results of recent and ongoing automobile Stirling engine 
development efforts are reviewed and technology status and 
requuements are identified Key technology needs include those 
for low cost high temperature 11300 1500 FI metal alloys 

for heatei heads and reliable long-life low leakage shaft seals 
Various fuel economv protections for Stirling powered automobiles 
are reviewed and assessed Author 


N7S 28727*# National Aeionautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DESIGN. FABRICATION. AND INITIAL TEST OF A FIXTURE 
FOR REDUCING THE NATURAL FREQUENCY OF THE 
MOD O WIND TURBINE TOWER 

J R Wmemillei T L Sullivan. R L Suemoie and S T Yee 
Jul 1979 21 p Prepared for DOE 
(Contract EX 76 I 01 1028) 

(NASA TM 79200 C081. DOE/ NASA/ 1028 79/24) Avail 
NTIS HC A02/MF AC1 CSCL 108 

It .vas desired to observe the behavior of a two bladed 
wind turbine where the towei first bending natural frequency is 
less 'han twice the rotor speed The system then passes through 
resonance when accelerating to operating speed The frequency 
of the original Mod 0 tower was reduced by placing it on a 
spring fixture The fixture is adjustable to provide a range of 
tower bending frequencies Fixture destgn details are given and 
behavior during initial operation is described Author 


N79 28728*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF POSITIVE PULSE CHARGE WAVEFORMS ON 
CYCLE LIFE OF NICKEL ZINC CELLS Final Report 

John J Smithnck Jul 1979 14 p refs Sponsored in pad by 

DOE 

Contract FC 77 A 31 1044) 

(NASA TM 79216 E 100 DOE/ NASA/ 1044 79/31 Avail 
NTIS HC A02/MF A01 CSCL IOC 

Five amp hour nickel line cells were life cycled to evaluate 
four different charge methods Three of the four waveforms 
investigated were 120 H/ full wave reel bed sinusoidal (FWRSl 
120 H/ silicon controlled rectified (SCRI and 1 kHz square 
wave ISW) The fourth a constant current method was used 
as a baseline of comparison Thiee sealed Ni Zn cells connected 
in senes were cycled Each senes string was charged at an 
average c/20 rate and discharged at a c/2 5 ’ate to a 75% 
rated depth Author 


N7S 29699* a Nat tonal Aeronautics and Space Administrate' 
Lewis Research Center Cleveland Ohio 

DYNAMIC ANALYSIS OF A PHOTOVOLTAIC POWER 
SYSTEM WITH BATTERY STORAGE CAPABILITY Final 
Report 

We'ter C Merrill Ronald J Blaha and Roy L Pickrell Jul 

1979 47 p ref 

(DC AI01 79ET2048SI 


INASA TM 79209 E 094 DOE/NASA/20485 79/4) Avail 
NTIS HC A03/MF A01 CSCL IOC 

A photovolataic power system with a battery etorage capability 
re analyzed A dual banary currant control concept is proposed 
which anabes the battery to either supply or accept power 
depending upon system environment and load conditions A 
simulation of the power system, including the battery current 
control is developed and evaluated The evaulatron demonstrate 
the viability of the battery control concept of switch the battery 
from a charge to discharge mode and back as required by load 
and environmental conditions An acceptable eystem operation 
is demonstrated over the entire insolation range Additionally, 
system sensitivity bandwidth, and damping characteristics of the 
battery control are shown to be acceptable for a protected 
hardware implementation Author 


N7B -2BB00*# Nam. nei Aeronautics and Space Administration 
Lewis Research Cants'. Cleveland. Ohio 

THC ALKALINE ZINC ELECTRODE AS A MIXED POTENTIAL 
SYSTEM 

William L FiJder Jul 1979 22 p refs 

(NASA TM 79235 E 141) Avail NTIS HC A02/MF A01 CSCL 
10C 

Cathodic and anodic processes for the alkaline zinc electrode 
in 0 01 molar zincate electrolyte 19 molar hydroxide) were 
investigated Cyclic voltammograms and current voltage curves 
wore obtained by supplying pulses through a potentinstat to a 
line rotating disk electrode The data are interpreted by treating 
the system as one with a mixed potential the processes are 
termed The zincate and corrosion reactions The relative 
proportions of the two processes vary with the supplied potential 
For the cathodic region the catfiodic corrosion process predom 
mates at higher poter tials while both processes occur simultan- 
eously at a lower potential li e 50 mV) For the anodic region 
the anodic zincate process predominates at higher potentials 
while the anodic corrosion process is dominant at lower potential 
(i e 50 mV) if H2 is present Author 


N79 30719*4 National Aeronautics and Space Administration 
Lews Research Center Cleveland Ohio 

WIND TURBINES FOR ELECTRIC UTILITIES DEVELOP 
MENT STATUS AND ECONOMICS 

J R Ramler and R M Donovan 1979 21 p refs Presented 
at Terrest Energy Systems Conf Orlando Fla 4 6 Jun 1979 
sponsored by AIAA 
(Contract EI49 26. 1028) 

(NASA TM 79170 E 035 DOE/NASA/ 1028 79/23) Avail 
NTIS HC A02/MF A01 CSCL 108 

The technology and economics of the large horizontal axis 
wind turbines currently in the Federal Wind Energy Program are 
presented Wind turbine technology advancements made in the 
last several years are discussed It is shown that based on 
current promotions of the costs of these machines when produced 
m quantity they should be attractive for utility application The 
cost of electricity IC0EI produced at the busbar is shown to be 
a st.ong function of the mean wind speed at the installation 
site The breakeven COE as a fuel saver is discussed and the 
COT range that would be generally attractive to utilities is 
indicated Author 


N79 30720*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PERFORMANCE CHARACTERISTIC l> OF A SLAGGING 
GASIFIER FOR MHD COMBUSTOR SYSTEMS Finpl 
Report 

Kenneth 0 Smith Jun 1979 49 p refs Sponsored in part 

by DOE 

(Contract EF 77 A 01 26741 

(NASA TM 79195 E 072 DOE/NASA/2674 79/6) Avail 
NTIS HC A03/MF A01 CSCL I0A 

The performance of a two stage coal combustor concept 
for magnetohydrodynamic (MHD) systems was investigated 
analytically The two stage MHO combustor is comprised of an 
entrained flow slagging gasifie' as the first stage and a gas 


142 



phase reactor at I ha tacond stage The first stage was modaled 
by assuming instantaneous coal devolatilization and volatiles 
combustion and char gasification by C02 and H20 m plug flow 
The tacond stage combustor was modeled assuming adiabatic 
instantaneous gat phata reactions Of primary interest was the 
dependence of ctiar gasification efficiency on first siege particle 
residence time The influence of first stage stoichiometry, heat 
lost, coal moisture coal site distribution and degree of coal 
devolatilitatron on gattfie' performance and second stage exhaust 
temperature was determined Performance predictions indicate 
that particle residence times on the order of 600 msec would 
be required to achieve gasification efficiencies in the range of 
90 to 95 percent The use of a finer coal sire distribution 
significantly reduces the required gasifier residence time for 
acceptable levels of fuel use efficiency Residence time require 
ments ara also decreased by increased levels of coal devolatilira 
lion Combustor design efforts should maximize devolatilization 
by minimizing mining times associated with coal miection K L 


N79 31781*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

DISCHARGE CHARACTERISTICS OF 300 AMPERE HOUR 
Ni Zn TRACTION CELLS 

John G Ewashinka Aug 1979 1 1 p 

INASA TM 79244 E-I51I Avail NTIS HC . 02/MF A01 CSCL 
IOC 

Prelimmaiy tests were performed on 300 amphere hour 
nickel zinc cells containing the Lewis improved inorganic organic 
11/01 separator These cells also have other design features 
included to optimize performance and cycle life The tests 
carried out were foimation tests and characteristic discharge 
tests Information obtained include case tempeiature and 
maximum power delivered A R M 


N73 32640* « National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SOLAR CELL HIGH EFFICIENCY AND RADIATION DAM 
AGE. 1979 

Aug 1979 2S0 p refs Coni held at Cleveland 13 14 Jun 

1979 

(NASA CP 2097 D 1331 Avail NTIS HC A13/MF A01 CSCL 
10A 

Progress in the effort to increase the end of life efficiency 
of solai cells foi space use is assessed Silicon sola' cell efficiency 
radiation c'fects and gallium arsenide cells e'e emphasized For 
individual titles see N 7 9 32641 through N79 32673 


N79 32641 *# National Ae’onautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

THE NASA LEWIS RESEARCH CENTER PROGRAM IN 
SPACE SOLAR CELL RESEARCH AND TECHNOLOGY 

Henry W Bia.tdhoist Jr In its Sola' Cell High Efficiency and 
Radiation Damage 1979 Aug 1979 pi 4 I Foi primary document 
see N79 32640 23 441 
Avail NTIS HC A 13/ Ml A01 CSCL 10A 

Progress in space sola' cell research and technology is 
'epoded An 18 percent AMO efficient silicon solar cell reduction 
in the radiation damage suffered by silicon sola' cells in space 
and high efficiency wrap around contact and thin 160 micrometer! 
coplanar back cor'.act silicon cells are among the topics discussed 
Reduction in the cost of silicon cells foi space use cost 
effective GaAs sola' cells the feasibility of 30 percent AMO 
solar energy conversion and reliable encapsulants for space 
blankets are also considered J M S 


N79 32649*1 Spue Corp Bedford Mass 

APPLICATIONS OF ION IMPLANTATION TO HIGH 
PERFORMANCE RADIATION TOLERANT SILICON SOLAR 
CELLS 

Allen R Kirkpatrick John A Minnucci and Keith VV Matthei 
In NASA Lewis Res Center Sola' Cell High Efficiency and 
Radiation Damage 1979 A u g '9 79 p 51 59 refs For primary 
document see N79 32640 23 44 1 


(Contracts NAS3 20823 NAS3-21276I 
Avail NTIS HC A13/MF A01 CSCL 10A 

Progress in the development of ion implanted silicon solar 
calls it reported Effective back surface preparation by implantation 
function processing to achieve high open circuit voltages in 
low resistivity calls, and radiation tolerance cells ara among the 
topics studied J M S 


N 79 32649* # National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

OPEN CIRCUIT VOLTAGE IMPROVEMENTS IN LOW 
RESISTIVITY SOLAR CELLS 

Michael P Godlewtki Thomas M Klucher George A Mazant 
and Victor G Weizer In ns Solar Call High Efficiency and 
Radiation Osmage 1979 Aug 1979 p 81-70 reft (For primary 
document see N79 32640 23 44) 

Avail NTIS HC A13/MF A01 CSCL 10A 

Mechanisms limiting the open-circuit voltage in 0 1 ohm cm 
solar cell* were investigated It was found that a rather complicated 
multistep diffusion process could produce cells with significantly 
improved voltsges The voltage capabilities of various laboratory 
cells wee compared independent of then absorption and collection 
efficiencies This was accomplished by comparing the calls on 
the basis of then saturation currents or equivalently comparing 
then voltage outputs at a constant current density level The 
results show that foi both the Lewis diffused emitter cell and 
the Spue ion implanted emitter cell the base component of the 
saturation current is voltage controlling The evidence for the 
University of Florida cel's although not very conclusive suggests 
emitter control of the voltage m this device The data suggest 
further that the critical voltage hmiting parameter 'or the Lewis 
cell is the electron mobility in the cell base RES 


N79 32660* # National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MODELING OF THIN. SACK WALL SILICON SOLAR 
CELLS 

Cosmo R Baraona In its Sola.' Cell High Efficiency and Radiation 
Damage 1979 Aug 1979 p 73 78 refs I For primary document 
see N79 32640 23 441 
Avail NTIS HC A13/MF A01 CSCL 10A 

The performance of silicon sola' 'ells with p-n functions on 
the nonillummated surface lie upside down or oack wall cells) 
was calculated These structures consisted of a uniformly shaped 
p type substrate layer a pi * I type field layer on the front 
lillummatedi surface and a shallow n type function on the back 
tnonillummated) surface A four layer solar cell model was used 
to calculate efficiency open circuit voltage and short-circuit 
current The effect on performance of p layer thickness and 
resistivity was determined The diffusion length was varied to 
simulate the effect of radiation damage T he results show that 
peak initial efficiencies greater than 15 percent are possible for 
cell thicknesses or 100 micrometers or less After 10 years of 
radiation damage in geosynchronous orbit thin 125 to 

50 micrometers thickl cells made from 10 to 100 ohm cm 
material show the smallest deciease (approximately 10 percentl 
in performance Author 


N79 32653* » General Electric Co Schenectady N Y 

HIGH EFFICIENCY CELL GEOMETRY 

R N Hall In NASA Lewis Res Center Solar Cell High 
Efficiency and Radiation Damage 1979 Aug 1979 p 97 100 
(For primary document sec N79 32640 23 44 1 
Avail NTIS HC A13/MF A01 CSCL 10A 

A new silicon solar cell is described which has an array of 
small area conduction paths to transport current directly thiough 
the wafer to metal electrodes on the back This design eliminates 
gnd shadowing and many of the other losses inherent in 
conventional cells Early experimental units without texturing oi 
antneflection coatings show 13 3% efficiency under an mass one 
illumination insolation Author 
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N7t 32666*1 N»|ion»l Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

RADIATION OAMAOI IN HIQH VOLTAGE SILICON SOLAR 
CILLS 

Irving Weinberg Clifford K Swart/ and Victor G Wei/er In ill 
Solar Cell High Efficiency and Radiation Damage 1979 Aug 
1979 p 137-143 reft (For primary document tee N79 32640 
23 44) 

Avail NTIS HC A13/MF A01 CSCL 10A 

Three types of open circuit high voltage tolar cells were 
letted to determine their performance after exposure to 1 MeV 
electron irradiations The cells with a relatively deep n type emitter 
were more susceptiblo to radiation damage than other high open 
circuit high voltage cells The use of diffused or ion implanted 
lunctiont leads to open circuit high voltage cell designs that are 
less susceptible to radiation damage These latter two 'ypes of 
cells show degradations that are typical of the 0 1 ohm cm 
material from which they are fabricated Furthermore enposure 
to ionizing radiation causes oside degradation and decreased 
cell performance m cells that depend on a charged oaide to 
achieve significant cell properties Hence the combination of a 
charged oside and a relatively deep n type emitter is not 
recommended for incorporation into a cell designed for use in 
the particulate radiation environment ol space M M Ml 


N 79 32660*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

REVERSE ANNEALING IN RADIATION DAMAGED. 
6ILICON SOLAR CELLS 

Irving Weinberg and Clifford K Swa'U In its Solar Cell High 
Efficiency and Radiation Damage 197S Aug 1979 p 161 171 
ref* (l ot primary Jocument see N7" 32640 23 44 1 
Avail NTIS HC A13/MF A01 CSsCL ’0A 

In order to understand tin. r tsults in terms of properties of 
the radiation induced defect? i combination of diffusion length 
measurements and defect dat i obtained from Deep Level Transient 
Spectroscopy were used The results indicate that the defect at 
F. sub v • 0 30 eV is lesponsible for the observed reversed 
annealing The defect was identified as a boron oxygen vacancy 
comples This identification is a guide to processing efforts aimed 
at increasing the concentration of these ladiation induced 
defects M M M 


N7.I 32666*# National Aeronautics and Space Administration 
Lewis Research Cente' Cleveland Ohio 

TEMPERATURE AND INTEN6TV DEPENDENCE OF THE 
PERFORMANCE OF AN ELECTRON IRRADIATED 
(AIGa)As GaAs SOLAR CELL 

Clifford K Swart/ and Russell E *i*i( J' In its Solar Cell 
High Frequency and Radiation Damage 1979 Aug 1979 
p 217 226 iefs IFoi primary document see N79 32640 23 44l 
Avail NTIS HC A13 MF A01 CSCL 10A 

The performance of a Hughes liquid phase epdanal 2 
centimetei by 2 centimeter l A IG a I As/ G a A s sola' cell was 
measured before and aftei irradiations with I MeV electrons to 
fluences of 1 i 10 to the 16th power electrons/sq cm The 
tempeiatuie dependence of performance was measured over the 
temperature range 135 to 415 A at each fluence level In addition 
temperature dependences were measu'ed at five intensity levels 
from 137 to 2 57 mW sq cm before irradiation and after a 
fluence ol 1 • 10 to the 16th power electrons sq cm For the 
■ntei mediate fluences performance was measured as a function 
of intensity at 298 K only G V 


N79 32666** Lincoln Lab Mass Inst of Tech Lexington 
6HALLOW HOMOJUNCTION GaAs SOLAR CELLS 

John C C Fan In NASA Lewis Res Center Solar Cell High 
I requency and Radiation Damage 1979 Aug 1979 p 227 233 
refs Sponsored m pad by AF IFor primary document see 
N 79 32640 23 44 

Avail NTIS HC A13 Mf A01 CSCL 10A 

Single crystal GaAs shallow homoiunction sola' cells on GaAs 
or Ge substrates without Ga sub 1 ■ Ai sub > As window 
layers that have conversion efficiencies exceeding 20% at AMI 


i 1 79b at AMO) Using a simple theoretical model good fits were 
obtained between computer calculations and espeumental data 
for asternal quantum efficiency and conversion efficiency of cells 
with different values of n • layer thickness The calculations not 
only yield values for material properties of the GaAs layers 
composing the cells but will also permit the optimization of cell 
designs for space and terrestrial applications Preliminary 
measu'ements indicate that the shallow homoiunction cells are 
resistant 'o electron irradiation In the best test so fat bombard 
ment with 1 s 10 to tne 16th power/sq cm fluence of 1 MeV 
electrons reduced the shod circuit current by only about 6% 

G V 


N79 32669** Hughes Reseaich Labs Malibu Calif 

6UMMARV OF GaAs 60LAR CELL PERFORMANCE AND 
RADIATION DAMAGE WORK6HOP 

G S Kamath In NASA Lewis Res Center Solar Cell High 
Efficiency and Radiation Damage 1979 Aug 1979 p 253 254 
(For primary document see N79 32640 23 441 
Avail NTIS HC A13/MF A01 CSCL 10A 

The workshop considered the GaAs soler cell capability and 
promise in several steps (1) mammum efficiency 121 space 
application 131 maior technology problems IAR coating optimize 
tion contactsl I4l radiation resistance tSl cost and availability 
and (61 alternatives The workshop believes that GaAs solar cells 
are fast approaching the fulfillment of their potential as candi 
dates for space cells A maximum efficiency of 20 to 31 percent 
AMO can be reasonably eipected from GaAs based cells and 
this may go a little highei with concentration The use of 
concentration in space needs to be more carefully evaluated 

G V 


N79 33672*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ANNEALING OF RADIATION DAMAGE IN 0.1 AND 
2 OHM CENTIMETER 6IUCON SOLAR CELLS 

Irving Wembe'g and Clifford K Swart; Oct 1979 13 p refs 
INASA TP 1559 E 99971 Avail NTIS HC A02/MF A0' CSCL 
1 0A 

Isochronal and isomermal annealing studies were conducted 
on 0 1 and 2 ohm centimetor nl ■ I/p silicon cells aher irradiation 
by 1 MeV electrons at fluences of 10 to the 14th power 5 times 
10 to the 14th power and 10 to the 15th power per square 
centimeter For the 0 1 ohm centimeter cells reverse annealing 
was not observed in the isochronal data However reverse 
annealing was observed between approaimately 200 and 325 C 
m the isochronal data of the 2 ohm centimeter cells isothermal 
annealing of 0 1 ohm centimeter cells at 500 C restored 
pre irradiation maximum power P sub max within 20 minu*es 
at fluence 10 to the 14th power in 180 minutes at fluence 

5 times 10 to the 14th power and to 92 percent of 
pre irradiafion P sub max in 180 minutes for fluence 10 to 
the 15th power Annealing at 450 C was found inadequate to 
restore 0 1 ohm centimetei cell performance within reasonable 
times for all fluence levels By comparison at 450 C the P sub 
max of 2 ohm centimeter cells was restored within 45 minutes 
for the two highest fluence levels while for the lowest fluence 
restoretion was completed within 15 minutes Spectrel response 
date indicate that foi both lesistivities degiadation occurs 
predominantly in the cells p type base region Author 


A79 10084 * Rapid efficier.’ charging of lead acid and 

nickel zinc traction cells J J Smnhi.ck INASA Lewis Research 

Centei Cleveland Ohiot In InteiuiLiety Eneiqy Conversion Enqi 
i iee i up Conference 13th San Dieqo Cal 1 Auqusf 20 25 1978 
Pi, leedmqv Voluini 1 i A7‘J 10001 01 44* VVatiemlaii Pa Society 
id Automot *ve Engim is In* 1978 I 1 li/7 67h b • * 1 s NASA 
suppuited leyearch Contract No EC 77 A 31 1011 

Lead a -d aruj ’ -ckel /me traction cells were rapidly and 
. " , i , , * i 1 ql att tap 1 I hergi HRT DC l 

method sshuh cou'd 1 1 ) vs lll V In used tyi or, the mad service 
lechar ge i it elect r c veh s.S s The HR T DC trie t hod lak es ads ant age ol 
i.tia high c e 1 ' rharge aiieydanct nut uses • ell qasvnq iate and 
tempeiatuie as a’ noiatoi of charging ettu enty On the jveiage 
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300 amp- hour nick*! /me traction cells were given a HRTDC to 78% 
of rated amp hour capacity within 03 minutes at an amp hour 
efficiency of 92% and an energy efficiency of 52% Three hundred 
amphoui lead acid traction cells we*e charged to 69% of rated 
emp hour capacity within 46 minutes at an amp hour efficiency of 
91% with an energy efficiency of 64% B J. 


A79 10097 * Response of lead acid batteries to chopper 

controlled discharge H L Cataldo (NASA Lewis Research Center. 
Cleveland. Ohio) In Intersociety Energy Conversion Engineering 
Conference. 13th, San Diego. Calif August 70 25. 1978. Proceed 
mgs Volume 1 (A79 10001 01 44 1 Warrcndale. Pa . Society of 

Automotive Engineers. Inc . 1978. p 764 768 

The results of tests on an electric vehicle battery, ising a 
simulated electric vehicle chopper speed controller, show energy 
output losses up to 25 percent compared to constant current 
discharges at the same average current of 100 A. However, an energy 
output increase of 22 percent is noticed al the 200 A average level 
and 44 i>ercent increase at the 300 A level using pulse discharging 
Because of these complex results, electnc vehicle battery speed 
controller interactions must he considered in vehicle design (Author) 


A79 10101 • Thermal energy storage for industrial waste 

heat recovery H W Hoffman R J. Kedl (Oak Ridge National 
Laboratory. Oak Ridge. Tenn ). and R A Dusrha (NASA. Lewis 
Research Center. Cleveland, Ohio). In Intersociety Energy Conver 
sion Engineering Conference. 13th. San D«ego. Calif . August 20 25. 
1978. Proceedings Volume 2 (A79 10001 01 44) Warrendale. Pa. 
Society of Automotive Engineers. Inc, 1978. p 910 916 NASA 
supported research Contract No VV 7405 en^ 26 

Thermal energy storage systems designed for energy conserva 
tion through the recovery, storage, and reuse of industrial process 
waste heat are reviewed Consideration is given to systems developed 
for primary aluminum, cement, the food processing industry, paper 
and pulp, and primary iron and steel Projected waste heat recovery 
and energy savings are listed for each category S.C 3. 


A79-10108 * Storage systems for solar thermal power J E 

Calogeras and L H Gordon (NASA Lewis Research Cente*. 
Cleveland. Ohio) In Intersociety Energy Conversion Engineering 
Conference. 13th. San Diegu. Calif. August 20 75. 1978. Proceed 
mgs Volume 2 (A79 10001 01 441 Warrendale Pa Society of 
Automotive Engineers Inc 1978 p 970 976 1 1 refs 

A major constraint to the evolution of solar thermal Power 
systems is the need to provide continuous operation during periods 
of solar outage A number of high temperature Thermal energy 
storage technologies which have the potential to meet th.s need are 
currently u*’dei development The development status is reviewed of 
some thermal eneiqv storage technology* st*ecifically orsnted 
towards providing diurnal heat storage for so>ar central powei 
systems and solar total energy systems These technologies include 
sensible heat storage in caverns and latent heat storage usury both 
active and passive heat exchange processes In addition, selected 
thermal storage concepts which appe.** promising to a variety of 
advanced solar thermal system applications a»e discwssed (Author! 


A79 10113* Lithium and potassium heat pipes tor therm 

ronic oonv*r*er$ G MiskoIcZv iThe»mo Electron Co»p Waltham 
Mas* I af>d E Kroeget (NASA Lew s Research Center Cleveland. 
Ohio In Intersociety Energy Conver*. on Engineer mg Conference 
13th Sen D<egu Cab* A rgus* 20 25 1978 Proceedings Volume 2 
(A79 10001 01 44 Warrendale Pa Society of Auto met ive Eng* 
neers Inc 1978 p 1035 1019 5 »e*y Contract No NAS3 202 70 
A prototype *eat pipe ystem tut a 1 out of core thermionic 
reactor has been built and tested The em tier o* the concentric 
fterm.onic converter consists ••* the condenser of a tungsten heat 
p*pe utib/ ng ^ lithium working *lurd The evaporator sectio' >* the 
emittei heat p>pe is rjdutiun healed to simulate the thermal input 


from the nuclear reactor .he emitter heat Dipe thermal ’ransport is 
matched to the thermionic converter input requirement. The 
collector heat p«pe of niobium. 1% zirconium alloy uses potassium as 
the working fluid. The thermionic collecto is coupled to the heat 
pipe by a tapered conical ,oint designed to minimize (he temperature 
drop The area ratio of the evaporator to condenser is 16 1. which 
increases the radiation area The con«pot’*e wick structure consists of 
seven arteries and cylindrical wraps The collector heat flux matches 
the design requirements of the thermionic converter (Author) 


A79 10234 * Design and operating experience on the U.S. 

Department of Energy Experimental Mod O 100 kW Wind Turbine. 

J C. Glasgow and A G Birchenough (NASA, lewis Research 
Center. Cleveland, Ohio). In Intersociety Energy Conversion Engi 
neermg Conference. 13th, San Diego. Calif., August 20 25, 1978. 
Proceedings Volume 3. (A79 10001 01 44) Warrendale. Pa.. Society 
of Automotive Engineers. Inc., 1978. p. 2052 2059 5 refs 

The Mod 0 100 kW Experimental Wind Turbine was designed 
ar:l fabricated by NASA, as part of the Federal Wind Energy 
Program, to assess technology requirement*. and engineering prob 
lems of large wind turbines The machine became operational in 
October 1975 and has demonstrated successful operation in all of its 
design modes During the course of its operations ihe machine has 
generated a wealth of experimental data and has served as a 
prototype developmental test bed for the Mod OA operational wind 
turbines which are currently used on utility networks This paper 
describes the mechanical and control systems as they evolved in 
operational tests and describes some of the experience with various 
systems in the downwind rotor configuration. (Author ) 


A79 1 0235 * DOE/NASA Mod OA wind turb’ne per for 

mance. T R Richards and H fc Neustadter (NASA. Lewis Research 
Center Cleveland. Ob In Intersociety Energy Conversion Engi 
neenng Conferenc 13th San Diego. Calif August 20 2b. 19/0. 
Proceedings Vulume 3 (A79 10001 01 44) Warrendale. Pa.. Society 
of Autorr itive Eng rerrs. Ir< .. 1978. p 2060 2063 1 1 rets 

The NASA Ley. Research Center has designed, built, and is 
operating a 700 -kW wmd turbine (designated the Mod OA 1) at 
Clayton. New Mexico T his paper compares the measured power vs 
speed performance of the Mod OA 1 wth predictions made using the 
PROP code It is found that the actual performance closely matches 
predictions B.J. 


A79 10241 • SIMWEST • A simulation model for wind 

energy storage systems. R W. Edsmger. A W Warren (Boeing 
Computer Services. Inc . Seattle. Wash ). L H Gordon (NASA. 
Lews Research Center, Cleveland. Pnio). and G C Chang (U S 
Department of Energy. Washington DC I In Intersociety Energy 
Conversion Engineering Conference. 13th. San D*ego. Cabf , August 
20 75 1978 Proceeding* Volume 3 (A79 10001 01 44) Warren 
dale. Pa Society of Automotive Engineers. Inc . 1978. p 

2 1082114 

This paper-, deter: bet a comprehensive and efficient computer 
program for the mod* -, 'nq of wind energy systems with storage The 
level of detail of SIMWfcST fSlmui*» Model for Wmd Energy 
SToragel i» consistent with evaluating the economic feasibility as 
well as the general performance o* wind energy systems with energy 
s to. age options The software package consists of two bas e programs 
and a library of system, environmental, and control components The 
fust program is a precompiler which allows the library components 
to be put together in building block form The second program 
performs the technoeconomic system analysis with the required 
input/output, and the integration of system dynamics An example 
of the application of the SIMWEST program tt> a current 100 KW 
wind energy storage system is given (Author) 
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A7911824 * Factor i affacting the open-circuit voltage and 

atactroda kineses of toma iron/titamum/radoa flow catli M A Re.d 
and R F Gehn (NASA. Lawn Rewar eh Omar. Cleveland, Ohio 
In Sympotium on Electrode Materials and Processes for Energy 
Convernon and Storage. Philadelphia. Pa . May 9 12. 1977. Proceed 
mgs, I A79 11776 02 251 Princeton. NJ . Eiactrochemical Society. 
Inc.. 1977. p 732 749 10 rets Contract No E<49 28) 1002 

The effect o* acid concentration on the performance of the 
iroo-lilamum redox flow call was studied When the acidity was 
increased, open circuit voltages decreased on the titanium side but 
load voltages increased due to decreased polarization The best load 
voltage occur; when there is high acidity on the titanium side 
ooupled with low acidity on the iron side, but such cells show voltage 
losses with repeated cycling because of the diffusion of acid through 
the membrane No membrane tested has been found capable of 
maintaining tha differences in acidity. Chelating agents show some 
promise in reducing polarization at the Ti electrode and thus 
improving energy efficiency. ML. 


A79 13098 * a Dimimode thermionic energy conversion with 
lamhanurrvhexaboridt electrodes E W Krueger, V. L. Bair, and J 
F Morris (NASA. Lewis Research Center. Cleveland. Ohiol. Institute 
of Electrical and Electronics Engineers international Conference on 
Plasma Science Monterey Calil . May 15 18 1978 Patter 17 p 41 
refs. 

This paper presents thermionic conversion data obtained from a 
variable gap cesium dimimude with a hot piessed. sintered 
lanthanum hexabonde emitter and an aic melted lanthanum 
hexaboride collector Peito'mance cuives covet a iangc of tempera 
tures emitter 1500 to 1700 K. collector 750 to 1000 K. and cesium 
reservoir 370 to 510 K Calculated values of emittei and collector 
work functions ami haiuei index are also given (Author) 


A79 13099 " * Optimize out of core thermionic energy con 
version for nuclear electric propulsion J F Mums (NASA Lews 
Research Center Thermionic; and Heat Pipe Section. Cleveland 
Ohio) Institute of Electrical and Electronics Engineers international 
Conference on Plasma Science Mnnterey . Calif . May 1 5 18 1978 
Paper 14 p 14 rets 

Thermionic energy conversion 'TECI potentialities toi nuclear 
electric propulsion INEPl aic examined Considering cuiient designs 
their limitations, and risks laiws critical questions about the use of 
TEC for NEP Apparently a reactor cooled tty hotter than 1675 K 
heat p.pes has good potentialities TEC * !h h.gher temperatures and 
qreater pnwei densities than the currently piopused 1650 K. 5 to 6 
W sq cm version oftrrs substantial gams Ollier approaches to 
high temperature electr.c isolation apt»'*i also promising A high 
power density high tempnature TEC for NEP appeals, therefore 
attainable It is recommended to optimize out of core thermionic 
energy conversion tor nuclear electric propulsion Although current 
TEC designs for NEP seem unnecessary compared with (Payton 
versions large gams are apparently pmsdrie with ncteased tempera 
tures and qreater power densities G R 


A79 13867 * » NASA Lewis Research Center photovoltaic 

application experiments A Retaic/ek. W Bdano. J Ma'tz anti P 

O'Donnell (NASA, Lewis Rewaich Center Cleveland, Ohio) Arneri 
can Institute of Aeronautts and Astronautics ano Anemia Solar 
Energy Rescan h Commission Con tenth e on Solar E nergy Technol 
ogy Status Ptioemt Art/ 7 Vox 37 23 19'8 AIAA Pape' 78 I7r>8 

9 p 

The NASA Lewis Research Center has mst ailed 16 geographical 
ly dispersed terrestrial photovultaic systems as pait of the DOE 
National Pfvitovoltarc Piogram Foul additional expei invents aie in 
IMogrrss Currently opeiatmg systems air powenng teh ignetoii a 
highway warning sign forest lookout towers, remote weather 
stations, a watei chiller arsd insect survey tiaps Expei ments in 
prngress include the wot Ids hist village powei system an ait 
pollution monitor and seismic sensors Undei a wpa'atr activity 


fjnded by the US Agency tot International Development, a 
PV powered water pump and gram grinder is being prepared tor an 
African village System descriptions and status are included m this 
report (Author I 


A71M4947 * * Fuel cell on use integrated energy system 

parametric analysis of a residential complex S N Simons tNASA. 
Lewis Reseaich Center, Cleveland. Ohio) US Department of 
Energy fuel Cell Workshop . Sarasota. Ha . Alov IJ 17, 1977. Patter 
24 p 7 refs 

The use ot phosphoric acid fuel cell powerplar.t to provule all 
the electricity requited by an 8) unit garden apartment complex is 
.tudied Byproduct heat tt recovered and provides some ot the heat 
leouued by the complex The onsite integrated et-ugv system 
contains energy conversion equipment including combinations ot 
compression and absolution chillers, heat pumps electric resistance 
heaters, and Thermal storage The annual tuel requirement ^or several 
onsite integiated eneigy systems as well as the fuel cell breakeven 
cost for one specific system weie calculated It >s found that 
electrical efficiency cannot tie trailed off against thermal efficiency 
without paying a penalty m system efficiency M L 


A79 15574 * Control of wind turbine generators connected 

to power systems H H Hwang H V Mozeico (Hjwao, Umveisity. 
Honolulu. Hawaii), jnd L J Gilbert (NASA, Lewi; Reseaich Center. 
Cleveland. Ohio) In Powei system control and protection. New 
York, Academic Press. Inc.. 1978, p 2.19 2C9 16 rets Research 
supported by the Hawaii Natural Energy Institute and NASA 

A unique simulation model based on a Mode O wind turbine s 
developed toi simulating both speed and powei cnntiol An analyti 
cal representation lot a wind turbine that employs blade pitch angle 
feedback contiol is presented, and a mathematical model is tormu 
lated Fur Mode 0 serving as a practical case study, result' ot a 
computer simulation ot the model as applied to the problems of 
synchronization and dynamic stability are provided It is shown thjt 
the speed and output ot a wind turbine can be satisfactorily con 
trolled within leasnnable limits by employing the existing blade pitch 
control system under specified conditions Foi power contiol. an 
additional excitation contiol is lequued so that the teimi .el voltage, 
output powei tactoi. and aimature current can tie held within nai 
iow limits As a 'esult. the vanation ot torque angle •> r >" ted even it 
speii! control is not impternented simultaneously with power con 
trot. Design features ot the ERDA NASA 100 kW Mode Owmd tut 
bine are included S.D 


A79 15881 * Large wind turbine generators R L Thomas 

and R M Donovon (NASA. Lewis Res* arch Ccntei. Cleveland, 
Ohio) In Energy technology V Challenges to technology Proceed 
mgs ot the Fifth Conference. Washington, D C . February 27 March 
1. 1978 (A79 1L879 04 441 Washing^-., DC. 6ove*nment Insti 
tutes, Inc . 1978. p. 64 82 17 rets 

The large wind turbine portion of thr Federal Wind Energy 
Program oonsislso* two maior protect efforts ( 1 1 the Mod 0 test bed 
protect for Supporting reseeren te hriology. and 12) the laige 
experimental Wind turbines tor electric utility applications The 
Mod 0 has met its primary obiect v* ot providing the entire wind 
ene'gy progiam with early operations and peiloimanct data The 
large experimental wind tuibmes tu he tested in utility applications 
include three of thr Mod 0A (200 kW) type, one Mod 1 12000 kW). 
and possibly several of the Mod 2 12500 kWI designs This papei 
presents a dtacnption of these wind turbine systems, their program 
matic status, and a summary of their potential costs. B J. 



A79 20878 * Wind turtoina-generator rotor otadv concept! 

with low cor t potential. T. L. Sullivan. T. P Cahill (NASA Lawn 
Rataarch Cantar, Clavaland. Ohio). 0. G Crittae. Jr INASA. Lawn 
Raiaarch Cantar. Clavaland, Ohio; Umtad Technologies Corp, 
Hamilton Standard Div , Wmrtsot Locks. Conn I, and H W. Gawahr 
INASA. Lawn Research Ontar, Clavaland. Ohio. Kaman Aaroipaca 
Corp. flloomfiald, Conn I In Salactiva application o' malarial! lot 
product! and energy Proceeding! oi the Twantv third National 
Symposium and Exhibition, Anaheim. CaM . May ?4, 1978 
(A79 20801 07 231 Azusa. Calil . Society lor the Advancement ol 
Material and Process Engineering. 1978. p 478456 

Four processes lor producing blade! are examined Two live 
filament winding technique! and two involve lillinq a mold or form 
to produce all or part ol a blade The prnceiwrt are described and a 
companion n made ol coiti material propertiei, designs and bee 
vibration characteristics Conduuoni are made regarding the teapbil 
ity ol each process to produce low cost. ti'ucturally adequate bladei 

I Author I 


A 79 20829 * An operating 200 kW horizontal axil wind 

turbine C L Hunnicutt (Lockheed Aircralt Service Co. Ontario. 
Calil. I, B Lintcott, and R A Wolt 'NASA, Lawn Research Center. 
Cleveland. Ohiul In Selective application ol material! lor products 
and ent'gy. Proceedings ol the Twenty third National Symposium 
and Exhibition. Anaheim. Calil , May 24 1978 (A79 20801 07 231 
Azusa. Calil . Society lor the Advancement ol Material and Process 
Engineering 1978, p 4S7 478 

Output Irom the 200 kilowatt machine will he enough to meet 
the power requirement! ol about 60 tamilies The experimental wind 
turbine generator (WTGI is a two blink’d, horizontal axis, lotoi 
!Vitem driving a tynchronous electnc generator through a step up 
gear box located within a nacelle The nacelle n mounted on top o' a 
100 'oot tower with the rotor located downwind trom the towei 
The 200 kilowatt rated power output of the wind tutbine is achiever! 
at a turbine rotor sliced o' 40 rpm and a ia'ed wind speed o' 18 3 
mph The rated wind speed is delmed as the lowest wi id speed at 
which full powei it achieved Attention n given to operational 
detail!, aipects o' bledr ilesign blatle talincation. the me of strain 
gages, questions o' aeioeletbc stability and an early analysis ‘ test 
data G.R 


A79 21300 * * Thermal storage for industrial process and re 

|ect he.it R A Ouscha and W J Masica (NASA, Lews Research 
Center, Develand. Ohio) US Department of Energy Conference on 
IVaire Clear Management and Utilization 2nd Miami Beecn FIs 
Dec 4 6 19/8, Faster 12 p 7 left Contract No EC 77 A 31 1034 
Industrial production uses about 40\, of the total vneigy con 
sumed in the United States The maior share ol thn is derived from 
fossil fuel Potential savings ol scarce fuel is possible through the use 
of ibermal energy storage (TESI o' ie|ect or process heat lor subse 
quent use Results ol study connects awaidert by the Department ol 
Energy (DOE) and managed by the NASA I svis Research Center 
have .d»nt died thiee especially significant nxluitnes wheie high 
temperature TES appears attractive papei and pulp, nun and steel 
and cement Potential annual fuel savings with large scale implemen 
tat ion o' near term TES systems for these three industries i! nea'ly 9 
million bbl o' ol! ( Authoi I 


A79 21302 " Microprocessor control of a wind turbine 

generator A J Gnecco and G T Whitehead (NASA Lewis Research 
Center Cleveland. Ohiol Institute ot Eleiirnal stHl E Intromit 
Engineers Cnn/errni r on Irutustrial Aps>ln ations u' Me r op roc won 
Ptnlaila., ‘n.i Pa Mj. 20 22 19/8 Paper IS p Contract No 

EI49 26I |0?H 

This paper itesr* tie-, a microprocessu* liased system used to 
control thr unattended >perat'jn ol a wind turbine generator The 
tu'brne and its nucioromputri system are tully described with 
ipecial emphasis on the wide vane y of tasks performed by the 
mtcrnprocessoi lor the sale and efficient operatic *i of the turbine 


T he flexibility, cost and reliability o' the microprocessor weie maior 
factors in its selection (Author) 


A79 26131 * 4 Photovoltaic power systems for rue el trees of 

developing countries L Rosenblum. W J Bdeno. G F Mem, and A 
F Rttajc/ak (NASA. Lewis Research Center, Cleveland. Ohio). 
United Net tom, Internetionsl Seminar on Solar Energy. Tokyo. 
Jspsn, Feb. 5 10 19/9. Paper 18 p 9 rets 

Photovoltaic (PVI applications for rural areas o' underdeveloped 
countries are discussed in retailor to PV system technology, rehabil 
Ity. and present and protected cost The information presented is 
derived mainly from NASA. Lewis Research Center experience with 
PV systems deployed with a variety of users for applications relevant 
to LDCs. A detailed description of two villeqe power systems rs 
included. Energy cost comparisons are presented tor PV systems 
versus alternative energy sources It is concluded. ba*ed on present 
PV system technology, reliability and cost that photovoltaic! pro 
vides a realistic energy option for LDCs in both the near and 
far term. (Author) 


A78 30654 * » Benefits of so ter dossil hybrid gas turbine 

lystems. H. S Bloomfield (NASA. Lewis Research Cental. Cleveland. 
Ohio) American Society ol Mechanical Engineers. Cel Turbine 
Conference end E •tnOrt a. id Solar Energy Conference. Sen Diego. 
Cehf Mar ,V IS. 19/9. Paper 79 G T .36 16 p 

The potential benefits of uilaidnssil hybrid gsi turbine puwer 
lystems were assessed Both retrofit end new systems war e oon 
sideied Irom the aspects of cost of electricity, fuel conservation, 
operational mode, technology requirements, and fuels flexibility 
Hybrid retrofit (repower mg) of existing combustion (simple Brayton 
cycle) turbines can provide near term fuel savings and solar expen 
ence. while new end advanced recuperated or combined cycle 
systvms may be an attractive fuel saving and economically com 
petitivr -hide to tta iition from today s gas and oil hied power 
plants to other more abundant fuels (Authoi) 


A79 38191 * Rrdoi flow cell energy storage lystems L H 

Thallei (NASA Lawn Research Center Snlai and Elertrocliemistry 
Div Cleveland Ohiol American Institute of Aeronautic t and 
4ttninautii i Terrestrial Energy Systems Conference Orlando. Fla 
Jour 4 6 '979 Paper 790989 9 n 7 tefs Contrail No El49?8l 
1007 

The redox 'low cell energy storage .ystem being developed try 
NASA for use in remote power systems amt distnhuted storage 
insrallji ins 'or electric utilities is piesentrd Ihe system u'xfei 
consideration is an electrochemical stoiage device which utilizes the 
oxidation and reduction of two tully soluble iedo« couples (at ddied 
chlnmlr solutions ot chromium and iron I a: ael've elertiode 
matrnals sepjiated try a highly wler'ive ion exchange membrane 
The reactants jie contained in lai |e slo'age tanks and pumped 
through a stark of leilox flow i t-lls where *he rlectujcne nical 
tractions take plate at pnruus rartioo telt rleitiodes Redox 
equipment ha- allowed the inrcirpaietHjn nl state ot charge readout 
st Jr S vnltagi control and system ia|<ecity rr.aui'.enance |i-bei«nce| 
devices to legut.ete rells in a stark |umtly A ?0U A 12 V system 
with a tapai ty o' alxiul 400 Wti tias been constructed and a 2 kA 
10k Wti systrin e planned A L W 


A7 9 38 192 * Analysis d a fur! c eft on site integrated energy 

system lot a tesidential complex S N Simons (NASA lewis 
Research Center Fuel Cell Pioiecti Office, Clevela vl Ohiol and A 
L M«.rg iSola* Fneigy Pmducli Co Aycx* Lake Ohiol American 
Institute of Aeronautic ( and Ascronauhr 1 Terrestrial Energy Syi 
reins Conte ieo r Orlando I u June 4 h 19/9 Patr-r 79 0990 10 
p 8 iris 

Tin eneigy use and insts ci* die -jn site mtegijted eneigy system 
IUS I E St which pi uv ides electnc power tmm anon site powei plant 
a'xt lecuyets deal that would normally lx- rejected to the environ 
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m#»nt it comt*»d ?o a conventional >ystrm purchasinu cleciricity 
frcTt a utility and a phosphor* acid furl call powerrd system The 
analysis showed that fc* a 500umt apartment complex a fuel 
OS/IES would hr about 10% more pnrrgy conservative in termi of 
total coal consumption than a ditstr. OS jES system or a conven 
tional system Thr furl cell OS/IES capital cottl could hr 10 to 55% 
greater than the diet* I OS/IES capital costs for the Mm« life cycle 
costs The life cycle cost of a fuel cell OS lES would tx* lowei than 
that for a conventional s/stem at long as the colt of electricity iv 
greater than SO 05 to SO 065'kWh. An analysis of several parametric 
combination! of fuel cell power plant and date of art energy 
recovery systems and annual fuel requirement calculation! for four 
location! were made It wa% shown that OS/fES component choice; 
are a major factor in fuel consumption. with the least efficient 
lyitem uung 25% more fuel than the most efficient Central air 
conditioning and heat pumps result »n minimum fuel consumption 
vrtule individual air conditioning units inctease it, and in general the 
fuel cell of highest electrical efficiency has the lowest fuel consump 
tion A T 


A 79 38888 * u Wind turbines for electric utilities Develop 

ment status and economics J D Ramlei and R M Donovan 
(NASA, Lewis Research Center. Cleveland. Ohio) American Institute 
of Aeronautics and Astronaut hi. Terrestrial Energy Systems Confer 
en re, Orlando. E/a . June 4 6 1979. Paper 790965 19 p 15 rets 

The technology and economics of *he large*, horizontal exit wind 
turbines currently in the federal Wind Energy Program art* 
presented. Wind turbine ’echnologv advancements made in the last 
several years are discussed It is shown that based cn current 
pro | ec torn of the costs o 4 these machines when produced in 
quantity, they should be attractive tor utility application The cost 
of electricity (COE) produced at the bi ‘>ar is shown to be a strong 
function of the mean wind speed at the installation site The 
iNeakeven COE as a fuel saver' is discussed and the COE range that 
would be generally attractive *o utilities is indicated (Author) 


A7<F4039B * * Ultraviolet irradiation at elevated temperatures 

and thermal cycling in vacuum of F£P A covered silicon soiar cells J 
D Broder and S J Marsik (NASA, Lewis Research Center. 
Cleveland. Ohio) In Photovoltaic Specialists Conference. 13th, 
Washington. DC.. June 5 8. 19 7 8. Conference Record (A/9- 
40881 17 44) New y ork, Institute of Electrical and Electron.es 
Engineers. Inc . 19/8 p 1?? 12h 9 rets 

Silicon solar cells cove«ed with F EP A wen. irradiated in vacuum 
with ultiaviulet light and then suluecterl to theimal cycling. These 
accelerated laboratory conditions are behaved to tie equivalent to 
those experienced by EEP A covered cells on thr ATS 6 spacecraft 
and the results indicate a (MolMhle mechanism to; the taste' 
degradation of the 1 EP A covered tells Heat bonded FF P A covers 
apparently embrittle when exposed to tour months of space UV 
tada'ion .. t elrv4ted temperatures and crack when sublet fed to 
therm* I eyei ng dunng the echpst period Low energy proton 
radiation can ttien persetrate to the |unc!ion of the cell causing 
itrgr j«I A ion ot the open circuit voltage anti minimum pown to 
occur Ait alternate method ot application ot FEP A vuch as with 
adhesive-, may prevent vuch tracking V T 


A7941022 * » Endurance tot mg ot tint generation Block 1/ 

commercial cotar call module* E Anaqnoitou and A F Eore.tien 
(NASA Lews Research Center Clevela'id Ohio) In Photovoltaic 
Spee.Jhit* Conference 13lh Wa*hm gtor DC June 5 8 1978 
Gunfrrence Record (A 79 40881 1 7 44 New York tnttduU ot 
Electrical and Electronic* Engineer Inc 1978 p 84 3 846 Con 
tract No E (49 261 1022 

NASA LeRC hat conducted outdoor endurance te*1* on 
modules commercielly produced ev pa'T ot The 46 kW purchase ot 
trrst generation (Block It modules try the JPl l ow Cost Srl*con Solar 
A'ray Protect Block I modules horn tou' manutacturer. were 
installed at commercial testing sites nr Florida Puerto Rico ,nd 
An/ora and at noncommercial sites n Cleveland 0t"0 The 


conditions endured by these modules included hot and dry, hot and 
humid, tropical rain forest seaart. urban industrial and urban clean, 
exposures were tor periods up to one year Test results are presented 
and discussed B J 


A71M1023 * 0 Venation ot solar celt sensitivity and solar 

radiation on .sited airlacm T M Klucher (NASA. Lewis Research 
Carter, Cleveland. Ohio) In Ptiotovoltaic Specialists Conference. 
13th, Washington. DC, June 5 8. 1978. Conference Record 

IA7940B81 1 > 44) New Tnrk, Institute ot Electrical and Electronics 
Engineers, Inc., 1078. p 847 852 Cordracl No E (49 261 1022 

An empirical study was performed (t) to evaluate the validity ot 
various insolation models used to compute solai radiation incident 
on tilted surfaces Irom global data measured on horizontal surfaces 
and 121 to determine the variation o* solar ceil sensitivity to solar 
ildiltion over a wide ranqe ot atmospheric condition Evaluation ot 
the insolation data indicates '.hat the isotropic sky model ot l.iu . «l 
Jordan undvrest mates the amount of solar radiation tailing on tiltrd 
surfaces by as much as 10% An anisotropic clear sky model 
proposed bv Temps and Coulson was alto evaluated and found to hr 
deficient under cloudy conditions A new model, tmrriulated herein, 
reduced the deviations I itween measured and predicted insolation to 
less than 3% Evaluation ot solar cell sensitivity data indicates small 
change (2 3%) in sens ti'.ity from winter to summe' I tilted cells 
Thr feasibility of using such global data as a means ft cclibratmg 
tenestnal solar cells as done by Treble is discussed I Author I 


A7941047 * 0 An invei ter /controller subsystem optimized 

for photovoltaic applications R L °ickrell, W C Merrill (NASA. 
Lewis Research Center. Cleveland. Ohio), and G O'Sullivan (Abacus 
Controls. Inc.. Somerville. N.J.). In Photovoltaic Specialists Cooler 
ence, 13th, Washington. D C , June 5 8 1978, Conference Recoin 
(A79 40881 t 7 44l New York Institute ot Electrical and Electronics 
Engineers. Inc . 1978, p 984 J91 5 refs 

Conversion of sola' array dc power to at power stimulated the 
specification, design, and simulation testing of an inverter 'controMer 
subsystem tailored to Ihe photovoltaic power source characteristics 
This papri discusses 'he optimization of the inverter /controller 
design as pan ot an overall Ptiotovoltaic Power System IPPSl 
designed tor maximum energy ektraction Irom the solar array The 
special design requirements lor the^nvertef /controller include It) a 
(sower system controller (PSCI to control continuously the solai 
array operating point at the maximum power level based on variable 
solar insolation and cell temper aluies. and (21 an inverter designed 
for high efficiency at rated load and low losses «t light loadings to 
conserve energy It must tie capanle ot operating connected to the 
utility line at a level set by an externa' controller (PSCI (Author) 


A7941089 * * Design and fabrication ot a photovoltaic 

pow.r syttem for the Papago Indian Village ot Schuchuh Gumight 

Arizona W J Bdano A E Flataic/ak and W J Ice (NASA Lewis 
Research Center Cleveland Ohiol In Photovoltaic Specialists 
Conference 13th Washington. DC. June 58 1978 Conference 
Recoid (A7940881 17 441 New York Institute ot Electrical and 
Electronics E ngmeet* Inc , 1978 p 1262 1267 


A79 41091 * » De«rrption and status ot NASA LeRC/DOt 

photovoltaic applrcatxsns systems experiments A F Rata|c/ak 

INASA Lewis Reseaich Ceidn, Cleveland Otnul In Ptiolovollaic 
Specialists Conference, 13th Washington DC June 5 8, 1978 
Conference Record IA7940881 17 44i New York Institute o* 
Electrical and Electronics Engineers. Ini 19/8 p 17/2 177/ 
Conned No E 149 761 1027 

In its rule ot supporting the DOE Photovollen Program, ttn 
NASA Lewis Research Centei has designed fabricated and installed 
16 geograirhicady oi*|»ei*ed t-hotovoltan systems T bese systems aie 
powering a reti igeietoi highway e . rnmg sign tores! lookout tuweis 
remote wrelhri stations a water chi'er at a vU'tu' i nter a>xt ntm r 
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survey trips. Each of these systems is described in terms of load 
requirements, solar an ay and battery sice, and instrumentation and 
controls. Ooeiational experience is described and piesent status is 
given foi each system. The P/V power systems ha/e proven to be 
highly reliable with almost no problems with modules and very few 
pioblems overall. (Author) 


A79-41098 * • Photon degradation effects in terratrial solai 
cells. V. G. We.zer, H W. Brandhorst, i. D. Broder, R. E. Hart, and J 
H Lamneck (NASA, Lewis Research Center. Cleveland. Ohio). In 
Photovoltaic Specialists Confeiencc, 13th. Washington, D.C , June 
5 8. 1973. Confeience Record |A?9 40881 17-44) New York. 
Institute of Electrical and Electronics Engineers, •ft.. 1978, p. 
1327 1332. 1C refs. 

A certain type of photon degradation effect has been observed 
experimentally in n( ♦ ) /p solar tells. It is found that this effect is 
caused by a recombination center, the formation of which requires 
the simultaneous presence of a lattice defect and a silver atom or 
comoiex of atoms. The center is electncaliy active in its equilibrium 
state, the energy level of the inactive center is located in the oand 
qap. 0 37 eV below the conduction band. Conversion to an active 
recombination center can be brought about either by raising the 
minority earner quasi Fermi level to coincide with the pocition of 
the latent center level in the bard gap or by rhe direct excitation of 
electrons from the valence band to the latent center level Photon 
degradation can be prevented either by preventing the introduction 
of silver through the use of a clean diffusion system and dean initial 
material or hy eliminating lattice damage through sufficient surface 
material removal prior to diffusion while at the same time restricting 
diffusion temperatures to 875 C or below 3 J. 


A79-42545 * Photon degradation effects in terrestrial silicon 

solar cells V G Wetzer H W, Brandhorst J D. Broder, R E Hart, 
and J H Lamneck INASA. Lewis Research Center, Cleveland. Ohio! 
Journal of Applied Physics vol 50 June 1679. p 4443 4449 10 
re's Contrac - No. tX to A 29 100? 

The effect of instability in terrestrial solar cells and identified 
tton of mechanisms involved are presented The effect is similar to 
photor induced degradation in ladiation damaged spac- solar cells, 
with reduction in cell output in n ( ♦ ) p cells upon exposure to 
illumination or upon the application of a sufficiently hign forward 
tries. It was found that the photon degradation effect ■> Caused by a 
recombination center identified as a complex of a lattice defect and a 
silver atom or cluster of atoms. The center is electrically inactive in 
its ground state but can be activated by raising the minority-earner 
quasi Fermi level to co.ncioe with the position of the latent-center 
level in the band gap. or by direct excitation o* electrons from the 
valence band to the latent-center Vvel Photon degradation can be 
prevented by avoiding the introduction of silver through the use of a 
clean diffusion system and clean initial material, or by eliminating 
lattice damage by sufficient surface material removal prior to 
diffusion and restricting diffusion temperatures to 875 C or below 

A 7 


A79-44225 * <■ Energy and cost savings results for advanced 

technnlogy systems from the Cogeneration Technology Alternatives 

Study /CTAS/ G D Sagerman, G. J Barna, and R K Bums 
INASA, Lewis Research Center, Cleveland. Ohio) American Institute 
of Aeronautics and Astronautics. Terrestrial Energy Systems Confer 
ante. Orlando . Fla June 4 b 1979 Paper 79 1000 20 p Contract 
No EC 77 A 3> (062 

The Cogeneration Technology Alternatives Study (CTAS) j 
program undertaken to identify the most attractive advanced energy 
coiive'S.on systems for industrial cogeneration applcatons in the 
1985-2000 time period, is described, and preliminary 'csults are 
presented Two cogene* atron options are included in the analysis a 
topping applcatxjn. in which fuel is mpu: to the energy conversion 
system which generates electricity and waste heat from the conver 
sion system is used to provide heat to the process, and a oottoming 
application, in which fuel is burned to orovide high tempe*ature 


process heat and waste neat from the process is used as thermal input 
to the eneigy conversion system which generates energy. Steam 
turbines, open and closed cycle gas turbines, combined cycles, diesel 
engines. Stirling engines, phosphoric acid and molten carbonate fuel 
cells and therm ionics are examined. Expected plant level energy 
savings, annual energy cost sayings, and other results of the economic 
analysis are given, and the sensitivity of the* results to the 
assumptions concerning fuel prices, price of puichased elect! ic it y and 
the potential effects of regional energy use character istics is 
discussed. C.K.D. 


A 79-46527 * /> Large horizontal axis wind turbine develop- 

ment. W. H Roubms and R L Thomas (NASA. Lewis Research 
Center. Cleveland. Ohio) In Workshop on Economic and Opera- 
tional Requuements and Status of Large Scale Wind Systems. 
Monterey. Calif , Match 28 30. 1979. pioceedings. (A79-46526 70- 
44) Santa Cruz, Calif.. Altar Corp.. 1979, p 50 70; Discussion, p 71. 
72. 

The papei presents an overview of the NASA activitie> in large 
horizontal axis wind turbine development. First generation technol- 
ogy large wind tuibmes iMod 0A. Mod 1) h3ve been designed and are 
in operation at selected utility sites Second generation machines 
(Mod 2) are scheduled to begin operations on a utility site in 1980. 
These machines are estimated to generate electrxnty at less than 4 
cents kWh when manufactured in modest pioduction rates. Mean- 
while. plans aie being made to continue developing wind turbines 
which can meet the cost goals of 2 to 3 cents/ kWh V.T. 


A79-46537 * Utility operational experience on the NASA/ 

DOE Mod OA 200 kW Wind Turbine J C Glasgow and W. H 
Rntjbms INASA Lewis Research Center. Cleveland. Ohioi in 
Workshop on Economic and Operational Requirements and Status of 
Large Scale Wind Systems. Monterey. Calif., Ma>ch ?8 30, 1979 
Pioceedmgs |A79 46526 20 441 F_,ita Ctuz C is.. Altas Corp.. 
1979 p 215-245 Discussion p 246 2‘ , ' , 6r_fs 

The Mod OA 200 kW Wu> Turbine was designed and fabricated 
by the Lewis Research Center of the NASA under the direction o' 
the U S Department of Energy The protect is a nait of the Federal 
W nd Energy Program and is designed to obtain early wind turbine 
operation and pertn/niance data while gaming initial experience in 
the uperat on o' ' uge. horizontal axis w od turbines in typical utility 
environmt its On March 6 1978 The Mori O A wind turbine was 
turned over to the Town of Clayton Light and Watei Plant. Clayton, 
NM. for utility operation and on December 31 1978 the machine 
had completed ten months of utility operation This paper describes 
the machine and documents the recent operational experience at 
Clayton. NM (Author) 


A79 46547 * a Lewis Research Center studies of multiple 

large wind turbine generators on a utility network. L J Gilbert 
(NASA Lewis Research Center, Cleveland. Ohio) and D. M 
Tnezenbeig IPurdue University, West Lafayette Ind I. In Workshop 
on Economic and Operational Requirements and Status of Large 
Scale Wind Systems. Monterey, Calif . March 28-30. 1979. Proceed- 
ings. IA7946526 2 0 441 Santa Cruz Cai t Alta - . Corp., 1979 p. 
388402 5 refs. 

A NASA Lewis program to study the antic pated performance 
of a wind turbine qencratoi farm on an electric utility network is 
x .1 rveyed The paper describes the approach of the Lewis Wind 
Energy Pioiect Office to developing analysis capabilities in the area 
of wind turbine generator utility network computer simulations 
Attention is given to areas such as, the Lewis Purdue hvbnd 
simulation, an independent stability study DOE multiunit plant 
study, and the WEST simulator Also covered are the Lewis mod 2 
simulation including analog simulation .if a two wind turbine system 
and comparison with Boeing simulation results, and gust tesponse of 
a two machine model. Finally future work to be done >s noted and .t 
is concluded that the study sh >ws little interaction between the 
generators and between the generators am) the bus M E P 
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A79-47651 * » A mobile ipparitui (or tolar collactor tntirg 

G. B. Hotchkiss (Texas Instruments. Inc., Dallas. Tex. I, F. F. Simon 
(NASA, Lewis Research Center, Cleveland. Ohio), and L. C. 
Burmeister (Kansas, University, Lawrence. Kan.). American Society 
of Mechanical Engineers Design Engineering Conference and Show. 
Chicago. III., May 7 10. 1979. Paper 79-DE-S. 6 p. 14 re(s. Grant No. 
NsG 3087. 

The design, construction, and operanon of a mobile apparatus 
for solar collector testing (MASCOT) is describee The MASCOT is a 
self contained test unit costing about $10,000 wnose only external 
lequirement for operation is electrical power and which is capable cf 
testing two watei cooled flat plate solar collectors simultaneously. 
The MASCOT is small enough and light enough to be transported to 
any geogiaphical site for outdoor iests at the location of collector 
usage. It has been used in both indoor solar simulator 'ests and 
outdoor tests (Author) 


A79 49527 * « Reduction of particulate carryover from a 

pressurized fluidized bed. R W Patch (NASA. Lewis Research 
Center, Cleveland. Ohio) Symposium on the Transfer and Utilization 
of Particulate Control Technology. 2nd. Denver. Coio July 23-27. 
1 979 Paper 20 p. 

A bench-scale pressurized fluidized bed combustor (PFBC) 
constructed with a conical shape to reduce the particulate carryover 
is examined. The combustor was fed coal and limestone with the coal 
to an ratio varying from 0.033 to 0 098 ',ail lean) and the coal to 
limestone ratio varying from 0 06 to 0 36. Two cone angles were 
used and it is shown that the average particulate carryover of 2.5 
grains, SCF is appreciably less than cylindrical fluidized bed com 
txistors. In addition the carryover was correlated by multiple 
regression analysis to yield the dependence on bed depth and hence 
the collection efficiency , which was 2CV Finally, a comparison with 
a model indicated that the exhaust pc’ nay be below the transport 
disengaging height for most of the tests showing that further 
improvements could be achieved bv increasing the freeboard height 
of the exhaust port above the bed M E P. 


A79-51809 * Commercial phosphoric acid fuel cell system 

technology development. P R P'okopius M Warshav, S N Simons, 
and R B nog (NASA. Lewis Resea’sh Center Fuel Cel! Pro|ec;s 
0*f.ce. Cleveland, Ohm) In Intersoc.tty Energy Conversion Engi 
neeung Conhvence, 14th. Boston. Mass August 6 10. 1979 
Pr Heelings Volume 1 (A79 51 726 2344) Washington. DC. 

American Chemical Society. 1979 n 538 543 6 rets 

A reetew of the current commercial phosphoric aod fuel ceil 
systpm technology development efforts ts presented In both the 
electric utility and onsite integiated energy sy.tem applicattons 
riducing cost am) increasing reliability are the technology dozers at 
this time Th.' longstanding barrier to the attainment of these goals 
which manifests it'e-l .n a number of ways, has been materials The 
differences ,n apt', .ich among the three maior participant. (United 
Technologies Corporation (UTO, Westmqbouse Electric 

Corporation Ene’qv Research Corporation (ERC), and Enge.hard 
Industries) cd then unique technological features, including elpc 
trodes. mjn cev i teicell cooling, bipolar separator plates, electro 
y t»' management, ’uel selection and system deegn philosophy aie 
discussed (Author) 


A7951837 * « Recent advances in Redox flow cell storage 

systems L H Thjllrr (NASA. Lewis Research Center Cleveland 
O' m) in Inter society Energy Conversion Engineer mg Conference. 
14rh. Boston, Maw August 5 10 1979 Porceedings Volume 1 

I A 79 5t 726 23 44 1 Washington DC American Chemi.il S'vely 
1979 p 715 719 8 r?fs 

Attention given to recent data pertaining tn flow cell storage 
system-related .ltuies as wen • the stale ol Redox niembiani' 
technology In addition, tn.- state of '.he techno'oqv as it relates to 
the iwo application areas of storage for photovoltaic we'd and 
distributed etutqv storage lor electrical utility appl 'cations is 
addressed A *n oven tl are the cost and l.t. aitvantaijes ol Rednx 


systems as well as a discussion of such cells as the open circuit 
voltage cell, the rebalance cell, and the turn cell. Finally, it is 
concluded that the mam thrust of membrane development will be to 
reduce the interaction between the diloto complex of iron in the 
feme state since this is the maioi factor in membrane ares resistivity 

M.E.P. 


A 79-53491 * Evaluation of models to predict insolation on 

tilted surfaces. T M Klucher INASA. Lewis Research Center. 
Cleveland. Ohio) Solar Energy vol 23, no 2. 1979, p 111 114. 8 
refs. 

An empirical study was performed to evaluate the validity of 
various insolation models which employ either an isubopic or an 
anisotropic distribution approximation for sky light when predicting 
insolation on tilted suitaces. Data sets of measured hourly -nsolation 
values were obtained over a 6 month period using pyranometers 
whch received diffuse and total solar radiation on a honronv ' plane 
and total tadiation on surfaces tilted toward the equator at 37 
degrees and 60 degrees angles above the horizon Data on the 
horizontal surfaces were used in the insolation models to predict 
insolation on the tilted surface, companions of measured vs 
calculated insolation on the tilted surface were examined to test the 
validity of the sky light approximations. It was found that the 
Lm Jotdan isotropic distribution model provides a good fit to 
empirical dati under overcast skies but underestimates the amount of 
solar ladiation incident on tilted surfaces under clear and partly 
cloudy conditions. (Author) 


N7I 10626*| United Technologies Corp Windsor Locks Conn 

DESIGN. FABRICATION. AND TEST OF A COMPOSITE 
MATERIAL WIND TURBINE ROTOR SLADE Final Report 

D G Guffee Jr R E Gustafson and E R More Nov 1977 
185 p refs 

(Contracts NAS3 19773 EI49 26) 1028) 

(NASA CR 135389 DOE/NASA, 9773 78/1 HSER 7383) 
Avail NTIS HC A09 MF A01 CSCL 10A 

The aerodynamic design structural design fabrication and 
stiuctural testing is dess nbed foi a 6C foot long filament wound 
fiberglass epoxy resin matrix wind turbine rotor blade for a 
125 foot diameter 100 kW wind energy conversion system 
One blade was fabricated which met all aerodynamic shape 
requirements and wts structu'ally capable of operating under all 
specified design cordit'or*; The feasibility of filament winding 
large rotor blades wes demonstrated Author 


N 79 10626*4 A, Research Mfg Co Phoenix Ariz 

MINI SRU SIPS 1300 We DYNAMIC POWER CONVERSION 
SYSTEM DEVELOPMENT EXECUTIVE SUMMARY 

Sep 1978 25 p refs 
(Contract NAS3 185171 

INASA CR 159440 A.Research 31 29371 Avail NTIS 
HC A02/MF A01 CSCL 109 

The status of the Braylon Isotope Power System (BIPS! is 
summarized A 1200 watt sub e ground development unit was 
built and tested in a 0 000010 tori vacuum environment 
Peformance mapping and 1000 hours of proof of concept system 
testing were completed Specific components, primfuly turboc 
om pressor alternator and recuperator performed according to 
predictions thus uu-irev.ny the design goal of 25 percent net 
power conversion efficiency The system was fabricated from 
superalloy (Hastelloy X and Waspaloy) thus placing it entirely 
within cu"ent state of the art technology The system could be 
ftyable in the early 1980s pending flight qualification JUS 
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N7S 1 1473*4 Rocket Research Corp Redmond Wash 

APPLICATIONS OF THERMAL ENERGY STORAGE TO 
PROCESS HE» T AND WASTE HEAT RECOVERY IN THE 
IRON AND ST 'EL INDUSTRY Fm*l Report. Sep 1S77 

Sep 1S7S 

Lincoln B Kattei >nd Daniel J Peterson Oct 1?78 '36 p 

lets Sponsored by NASA 

(Contracts EC 77 C C15C81 EC 77 A 31 10341 

(NASA CR 159397 RRC 78 R 607 CONS/ 608 1 I Avail 

NTIS MC A07/MF AOI CSCl 10A 

The system identified operates bom the primary arc furnace 
evacuation system as a heat source Energy from the fume stream 
is stored as sensible energy in a solid medium (packed bed I A 
steam driven turbino is ananged to geneiatc power for peak 
shaving A parametric design approach is piesented since the 
overall system design at optimum payback is strongly dependent 
upon the nature of the electric pricing structure 'he scope of 
the protect was limited to consideration of available technology 
so that industry wide application could be achieved by 1985 A 
soarch of the literature coupled with interviews with represents 
lives of maior steel producers served as ’he means whereby 
the techniques and technologies indicated (nr the specific site 
are extrapolated to the industry as a whole and o the 1985 
time frame The conclusion of the study is that by '986 a 
national yearly savings of 1 9 million barrels of oil could be 
leahced through recovery of waste heat from primary arc furnace 
tume gases on an industry wide basis Economic studies indicate 
that the proposed system has a plant payback time of ap 
proiimately 5 years L S 


N79 11476’-' ArRe march Mtg Co Torrance Calif 

DESIGN AND FARRICATION Of THE MINI RRAYTON 


RECUPERATOR 

IMBR) 

Final 

Raport Mar 

1974 

Jut 

19/8 

J J K iliac ks*y R 

Graves 

and G 

Mosinskts Apr 

1978 

99 p 

refs 

(Contract NAS3 1 

8029' 





NASA CR 1 59429 A 

'Hes«a» 

ch 78 14972' 

Avail 

NT'S 

HC AOS Mf A01 

CSCL 

10B 





Development of a <ecupe'ator lor a 2 0 kW closed Biayton 
space power system is described The plate tin heat exchanger 
is fabricated entirely bom Hastelloy X and is designed lu> 1 1 y*ars 
continuous operation at 1000 K 11300 Fl with a Xenon helium 
working fluid Special design provisions assure unifotrn flow 
distribution crucial for meeting 0 975 tempeiatuie effectiveness 
Low cycle tat-gue resulting bom ippeated startup amt shut 
down cycles was identified as thp most critical structural desiqn 
problem It is p'edicted that the unit has a minimum langue Me 
of 22 0 cycles This is n excess of the BIPS lequirement of 
t00 cycles Heat bansfe' perfoimance and thermal cycle lest ng 
with an using a prototype unit verified that all design obiectives 
can Ire met Authoi 


N79 17660 * tf Martin Marietta Corp Denvet Colo 

DEVELOPMENT OF SINGLE CELL PROTECTORS FOR 
SEALED SILVER ZINC CELLS F*«l Report 

John W Lear Richard L Donovan and Mathew S tmainu'a 
Nov 1978 68 p refs 
(Contract NAS3 194321 

i NASA CR 159407 MCH78 67') Avail NTIS 

MC A 04/ MF AOI CSCL IOC 

Three design appioaches To cell level protection v*“>» 
developed fabricated and tested These systems aie referred to 
es the single cell protectoi iSCPi multiplexed cell protector 
IMCPI To evaluate the systems 18 cell battery packs without 
cell level control were subiected to cycle life test A total of 
five battenes were subiected to simulate synchronous orbn 
cycling at 40% depth of discharge at 22 C Battenes without 
cell level protection failed between 345 and 255 cycles Cell 
'ailuie in the cell level protected batteries occuned between 
412 and 540 It was determined that the cell level monitoring 
and protection is necessary to attain the long cycle life of n 
AgZn battery The best method of providing control and protection 
of the Ag Zn cells depends on the specific application and 
capability ol the usei Authoi 


N79 12663*| United lechnulogies Corp East Hartfoid Conn 

Powei Systems Div 

DEVELOPMENT OF ADVANCED FUEL CELL SYSTEM Final 
Report. 28 Fob 31 Dot 1S7S 

8 Gitlow A F M#ye> VV F Bell and R E Martin 6 Jun 
1978 74 p rets 
(Contract NAS3 197781 

(NASA CR T 59443 FCK 03981 Avail NTIS 

HC A04/MF A01 CSCL 10A 

An experimental piogiam was conducted continuing the 
davalopment effort to mprove tne weight Me and perfoimance 
characteristics of hydrogen oxygen alkaline fuel cel's tor advanced 
power systems These advanced technology cells operate with 
passive wster removal which contnbutas to a lower system weight 
and extended ope'abng life Enduiance evaluation of (wo single 
calls and two two cell plaques was continued Three new test 
articles were fabricated and tested A single cell completed 703b 
hours of endurance testing This cel' incorporated a Fybex matrix 
hybrid frame PPF anode and a 90 Au/10 Pt cathode This 
configuration was devaloped to extend cell life Two cell 
plaques with dedicated flow fields and manifolds lot all fluids 
did not exhibit the cell to cell electiolyte transfei that limited 
the operating life of ea'hei muidcell plaques Authoi 


N7S 12664*4 General E lectin Co Philadelphia Pa Spare 

Div 

MINI RRAYTON HEAT SOURCE ASSEMBLY DEVELOP 
MENT Final Report 27 Jun 1974 1 Oct 1978 

D Wem and W F Zimmerman 1 Nov 19 78 306 p ie*s 
(Contract NAS3 18541) 

I NASA CR 159447 Doc 78SDS4252I Avail NTIS 

HC A14/MF A01 CSCl 10A 

The wotk accomplished on tt e Mini Biayton Heat Source 
Assembly program is summanced Requred technologies to 
design fabricate and assemble components toi a high temperature 
Heat Souice Assembly IHSAI which would generate and transfei 
the thermal eneigy tor a spacebome Biayton Isotope Power 
System (8IPSI were developed B B 


N 79 13490*4 Naval Weapons Support Cental Crane Ind 

BLOCK 2 SOLAR CEU MODULE ENVIRONMENTAL TEST 
PROGRAM 

Kevin L Holloway Oct 1978 56 p refs 
INASA Older C 1892 0 Contract EI49 26)1022) 

(NASA CR 153393 DOE /NASA/ 1892 78/ 1 
WQEC/C 78 2241 Avail NTIS HC A04/MF AOI CSCL 10A 
Environmental tests weie performed ot on 76 solar cell 
modules produced by four different manufacturers The following 
tests were performed Ilf 28 day temperature and humidity 
(21 ram and ong 131 salt fog <41 sand and dust IS) vacuum/ 
steam/ pressure 16) fungus i7) temperature/ altitude and 
(81 thermal struck Envtionmental testing ot the solar ell modules 
produced cracked cells cracked enrapsulant and enrapsulant 
delammatrons on various modules In addition there was some 
. tinot cell and frame corrosion G Y 


N79 13498*4 General Electric Co Sants Barbara Calif 
TEMPO 

CONCEPTUAL DESIGN OF THERMAL ENERGY STORAGE 
SYSTEMS FOR NEAR TERM ELECTRIC UTILITY APPLICA 
TIONS VOLUME 1 SCREENING OF CONCEPTS 

W Hauu B J Beikowitj and R C Haie Oct 1978 266 p 

Sponsored m pan by Electric Power Hesearcn Inst 2 Vol 
(Contracts DEN 3 12 EC 7 7 4 31 1034) 

NASA CR 15941 1 Vol 1 GE 78TMP 60 Vol 1 
DOE/ NASA/0012 78/1 Vol 1 EPRI RP1092 1 Vol 1) Avail 
NTIS HC A12/MF AOI CSCL IOC 

Over forty thermal energy storage TESI concepts gathered 
Irom the literature and personal contacts were studied lor then 
suitability toi the electric utility application ol stonng energy 
oft peak discharge during peak hours Twelve selections v'ere 
derived from the concepts tor screening they used as stoi.ige 
media high tempe'atuia water (HTVV) hot oil molten sails aid 
packed beds ol solids such as rock HTW requued piessui • 
containment by piestressed cast iron or concrete vessels or lined 
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underground cavities Both steam generation from storage and 
feedwatei heating from stoioge were studied Four choices wera 
made lor further study during the protect Economic comparison 
by eleclric utility standard cost practices, and near-term availability 
How technical nskl were principal criteria but suitability for utility 
uso conservation potential and environmental hazards were 
considered Author 


N79 134tr*| General Electric Co Santa Barbara. Calit 
TEMPO 

CONCEPTUAL DESIGN OF THERMAL ENERGY STORAGE 
SYSTEMS FOR NEAR TERM ELECTRIC UTILITY APPUCA 
TIONS VOLUME 2: APPENDICES SCREENING OF 

CONCEPTS 

W Hausz B J Berkowitz and R C H.ire Oct 1978 144 p 

refs Sponsored m part by Electric Power Research Inst 
2 Vol 

(Contracts OEN 3 12. EC 77 A 31-1034) 

(NASA CR 159411 Vol 2 GE78TMP 60 Vol 2 

DOE/ NASA/ 001 2 78/ 1 Vol 2 EPRI RP1082 1 Vol 2) Avail 

NTIS MC A07/MF A01 CSCL IOC 

Volume 2 of thrs 2 volume report is represented This volume 
contains three appendices (1) bibliography and cross references 
121 taxonomy proponents and sources, and 13) concept 
definitions G Y 


N79 16374*1 Energy Research Corp Bethel Conn 

FABRICATION AND TESTING OF SILVER HYDROGEN 
CELLS 

M G Klein Nov 1978 48 p 
(Contract NAS3 197801 

'NASA CR 159431) Avail NTIS HC A03/MF A01 CSCL 
1CB 

The development and life testing of single electrode and 
multi electrode stacks to optimize '.he individual components 
and charac'enze the performance of a silver hydrogen battery 
system are described A NASA developed inorganic separator 
material was used as the main separator within the cells Single 
electrode test cells were cycled at 75% of nominal capacity out 
through approximately 1 000 cycles in a number of cases where 
deterioration in performance was observed This deterioration 
apneais to be a decay in usable capacity of the silver electrode 
but the exact mechanism is still unidentifieo Twenty ampere 
hour hoileipl/tc test cells consisting o< a stack of ten silver 
electrodes ard twen'/ hydrogen electrodes were cycled also at 
75% depth "I discharge the oldest stack achieved 522 stable 
cycles to the end of the program Weight analysis of light weight 
celis shower that 50 a npere hour cells with improved components 
could be cajable of as much as 40 watt houis per pound 

ARM 


N/9 163 '6*f fneigy Research Corp Bethel Conn 

FABRICATION AND TESTING OF SILVER HYDROGEN 

CELLS 

Daniel J I’eBicarn and A»en Cna key Dec 1978 26 p 
Contract NAS3 20805) 

'NASA CR 1594901 Avail NTIS HC A03/MF A01 CSCL 
10B 

Silver electrodes containing vano is additives were fabricated 
and tested in single electrode cells in order to improve the 
electrochemical utilization ol sintered silver cathodes in Ag H2 
aerospace batteries A standard stack arrangement was used 
which featured a NASA developed organic inorganic separator 
All tells were vcled in a regime designed to remove 75% of 
the r ells nominal capacity based on 3 3 gms AHr Ag utilization 
In cases where performance degradation was observed the main 
featme mode appeared to be corrosion of either the expanded 
silve' current collector or the connection between the silve' 
electiode and the electrode tab Promising silver electrodes from 
single electrode studies were used in the construction of 35 
AHi Ag M2 ce’*s Two such cells were constructed and installed 
m heavy walled pressure vessels for testing Based on the Tata 
obtained from all cells tasted during th# program four lightweight 
35 AHr cells were fabricated During acceptance testing these 


cells yielded an average gravimetric energy density ot 
30 WHr/lb A R H 


N7B-17330*# EIC. Inc Newton. Mass 

FEASIBILITY STUDY FOR A SECONDARY Na'S BATTERY 
Final Report. 1 Oct 1977 30 Sap 1S78 

K M Abraham R Schiff and S B Brummer Jan 1979 65 p 
rets 

(Contract NAS3 21028) 

(NASA-CR 159409) Avail NTIS HC A04/MF A01 CSCL 
10C 

The feasibility of a moderate temperature Na battery was 
studied This battery is to operate at a temperature in the range 
of 00-150 C Two kinds of cathode were investigated 111 a 
soluble S cathode consisting of a solution of Na2Sn in an organic 
solvent and (2) an insoluble S cathode consisting of a transition 
metal dichalcogerude in contact with a Nal -*■ lion conducting 
electrolyte Four amide solvents dimethyl acetamide diethyl 
acetamide N-methyl acetamide and acetamide were investigated 
as possible solvents for the soluble S cathode Results of stability 
and electiochemical studies using these solvents are presented 
The dialkyl substituted amides were found to be superior Although 
the alcohol 1 ,3 cyclohexanediol was found to be stable in the 
presence o! Na2Sn at 130 C its Na2Sn solutions did not appeal 
to have suitable electrochemical properties J M S 


N 79-19448*1 RCA Labs Princeton N J 

EPITAXIAL SOLAR CELL FABRICATION. PHASE 2 
Final Report. 11 Nov 1*74 10 Jun 1977 

R V Daiello P H Robinson ana H Kressel Nov 1977 75 p 
refs 

(Contract NA33 19401) 

(NASA CR 135350 PRRL 77 CR 45) Avail NTIS 

HC A04/MF A01 CSCL 10A 

Dichlo rosilane ISiH2D2) was used as the silicon source 
material in all of the epitaxial growths Beth n/p/p( * ) and 
p/n/n(»! structures were studied Corielations were made 
tat ween the measured profiles and the solar cell parameters, 
especially cell open circuit voltage It was found that in order to 
obtain consistently high open-circuit voltage the epitaxial 
techniques used to grow the surface layer must be altered to 
obtain very abrupt doping profiles in the vicinity of the |u _ '■non 
With these techniques it was possible to grow reproducibiy bo *• 
p/n/n( - ) and n/p/p( * I solar cell structures having open-circut. 
voltages in the 610 to 630-mV lange with fi" factors in 
excess or 0 80 and AM 1 efficiencies of about 1 3% Combinations 
and comparisons of epitaxial and diffused surface layers were 
also made Using such surface layers we found that the blue 
response of epitaxial cells could be improved resulting in AM 1 
short circuit current densities of about 30 mA/cm sq The best 
cells fabricated in this manner had AM 1 efficiency of 14 1% 

LS 


N79 19461 *||l Technical Maikuting Associates Inc Concord 
Mass 

MARKET DEFINITION STUDIES FOR PHOTOVOLTAIC 
HIGHWAY APPLICATIONS 

Dec 1978 121 p 

(Contracts DEN 3 40 DE A 101 79ET204R5I 

(NASA CR 159477 D OE/ NASA/0040 78/ 1 ) Avail NTIS 

HC A06/MF A0 1 CSCL 10A 

Prospects for solar electric power in applications related to 
highways within the continental United States are examined 
Principal prospective users are (ound to be the highway 
departments of the various states Economic analysis is employed 
to demonstrate that suitable applications can occur when powering 
apparatus such as signs crossing signals or instruments which 
consume less than 100 watts on the average provided they 
are located at least one half mile from existing utility power 
Such applications ere protected to occur two or three times pe> 
state per year Attitudes of highway officials toward possible 
use of solar power are sampled and described Although falling 
photovoltaic cell prices are expected to have little effect on 
sales potential he>e methods to> federal stimu'ation ol this market 
are discussed G Y 
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N7S 1B464*# Comstock and Wesco't. Inc . Cambridge Mass 

DEVELOPMENT OF A PHASE CHANGE THERMAL STOP 
AGE SYSTEM USING MODIFIED ANHYDROUS SOOIUM 
HYDROXIDE FOR SOLAR ELECTRIC POWER GENERA 
TION 

Barry M Cohen. Richard E Rice and Peter E Rowny Dec 
1978 252 p refs Prepared lor DOE 
(Contracts NAS3 20615 EC-77-/ J1-1034I 
(NASVCR 159465. D0E/NASA/0615 79/ 1) Avail NTIS 
HC A12/MF A01 CSCL 10A 

A thermal storage system loi use in solar power electricity 
generation was investigated analytically and experimentally The 
thermal storage medium is principally anhydrous NaOH with 8% 
NaN03 and 0 2% Mn02 Heat is charged into storage at 584 K 
and discharged from storage at 582 K by Thermmol-66 
Physical and thermophysical properties ot the storage medium 
were measured A mathematical simulation and computer program 
describing the operation of the system were developed A 
1/10 scale model of a system capable of storing and delivering 
3 1 x 10 to the 6th power kJ of heat was designed, built, and 
tested Tests included steady state charging, discharging, idling 
and charge discharge conditions simulating a solar daily cycle 
Experimental data and computer predicted results are correlated 
A reference design including cost estimates of the full sice system 
was developed Author 


N7S-20467*# West Virginia Umv . Morgantown 

SIMULATION OF FLUIDIZED RED COAL COMSUSTORt 
Final Report 

Renga Ra;an Feb 1979 215 p refs 
(Grant NsG 31341 

(NASA CR 1595291 Avail NTIS HC A10/MF A01 CSCL 
10B 

The many deficiencies of previous work on simulation of 
fluidized bed combustion (FBCI processes are presented An 
attempt is made to reduce these deficiencies, and to formulate 
a comprehensive FBC model taking into account the following 
elements (1) devolatilization of coal and the subsequent 
combustion of volatiles and residual char. (2) sulfur dioxide capture 
by limestone. (31 NOx release and reduction of NGx by char 
(4) attrition and elutriation of char and limestone. (51 bubble 
hydrodynamics. (61 solids mixing (7) heat transfer between gas 
and solid and solid and heat exchange surfaces, and (8) freeboard 
reactions G Y 


N7S 20467*# Technical Report Services Rocky River Ohio 

EVALUATION OF URETHANE FOR FEASIBILITY OF USE 
IN WIND TURBINE BLADE DESIGN Final Report 

Seymour Lieblem Robert S Ross (Concept Development Inst 
Hudson Ohio) and Demeter G Fertis (Akron Umv I Apr 1979 
156 p 

(NASA O'der C 7653 Contract EI49 261 10281 

(NASA CR 159530 DOE/NASA/7653 79/ 1 TRS 1011 Avail 

NTIS HC A08/MF A01 CSCL 108 

A preliminary evaluation was conducted of the use of cast 
urethane as a possible material for low cost blades for wind 
turbines Specimen test data ere presented for ultimate tensile 
strength elastic modulus flexural strain creep and fatigue 
properties of a number ot urethane formulations Data are also 
included for a large scale urethane blade section composed of 
cast symmetrical half profiles tes'ed as a cantilever beam Based 
on these results an analysis was conducted of a full-scale blade 
design of cast urethare that meets the design specifications of 
the rotor blades for the NASA/ DOE experimental 100 kW MOD 0 
wind turbine Because of the low value of elastic modulus for 
urethane laround 45 7 000 psil the design loads would have to 
be carried by metal remfo.cement Considerations for further 
evaluation are noted Author 


N79 21564*((i Honeywell Inc Minneapolis Minn 

ACTIVE HEAT EXCHANGE SYSTEM DEVELOPMENT FOR 
LATENT HEAT THERMAL ENERGY STORAGE 

R T Lefiois u R Knowles A K Mathur and .1 Budirmr 


Feb 1979 122 p refs 

(Contracts DEN 3 38. EC 77 A 31 10341 

(NASA-CR 159479 HI 78336 D0E/NASA/0038 79, 1) Avail 

NTIS HC A06/MF A01 CSCL 10A 

Active heat exchange concepts for use with thermal energy 
storage systems in the temperature range of 250 C to 350 C. 
using the heat of fusion of molten salts for storing thermal 
energy are described Salt mixtuies that freeze and melt in 
appropriate ranges are identified and ere evaluated for physico- 
chemical. economic, corrosive and safety characteristics Eight 
active heat exchange concepts for heat transfer during solidification 
are conceived and conceptual: designed for use with selected 

storage media The concepts are analyzed for their scalability, 
maintenance, safety, technological development and costs A 
model for estimating and scaling storage system costs is developed 
and is used for economic evaluation of salt mixtures and heat 
exchange concepts for a large scale application The importance 
of comparing salts and heat exchange concepts on a total system 
cost basis rather than the component cost basis alone is pointed 
out The heat exchange concepts were sized and compered for 
6 5 MPa/281 C steam conditions and a 1000 MWItl heat rate 
for six hours A cost sensitivity a-alysis foi other design conditions 
-s also earned out L P 


N79 26506*i(i General Electric Co Philadelphia Pa Space 
Div 

AN INVESTIGATION OF THE ADHESIVE BONDING OF 
TEFLON SOLAR CELL COVERS 

George J Rayl 30 Apr 1979 42 p refs 
IContract NAS3-21264) 

(NASA CR 159565 DOC 79S0S42 181 Avail NTIS 

HC A03/MF A01 CSCL 10A 

The concept of introducing organic agents into silicone 
resins to stabilize these materials against the ravages of ultraviolet 
radiation is presented A screening ot coating materials cover 
materials and ultraviolet screening agents is described Fabrication 
processes were developed for the application of thin 
25 micrometer coatings to Teflon Temperature shock and 
temperature humidity tests were conducted Author 


N79 29603*# Owens Illinois Inc Toledo Ohio 

ALTERNATE METHODS OF APPLYING DIFFCSANTS TO 
SILICON SOLAR CELLS Final Report Jan 1977 Jan 

1978 

Thomas W Brock and Marshall B Field (Pantek International 
Lewistown Pal Aug 1979 23 p refs 
(Contract NAS3 205791 

INASA CR 1595081 Avail NTIS HC A02 Mr A01 CSCl 
10A 

Low melting phosphate and borate glasses were sc een 
printed on silicon wafers and heated to form n and p |unct'ons 
Data on surface appearance sheet res stance and (unction depth 
are piesented Similar data are reported to' vapor phase 
transport from sintered aluminum metaphosphate and boron 
containing glass ceramic solid sou'ces Simultaneous diffusion 
of an Nl ♦ ) lavet with screen printed glass and a pi ■ I laver 
with screen printed Al alloy paste was attempted No pi • I back 
surface field formation was achieved Some good cells were 
produced out the heating in ar endless belt furnace caused a 
large scatter in sheet resistance and |unction depth for three 
separate lots oi wafers Author 


N79 29804*# Energy Research Corp Danbury Conn 

TECHNOLOGY DEVELOPMENT ►OR PHOSPHORIC ACID 
FUEL CELL POWERPLANT. PHASE 2 Quarterly Report 

Larry Chnstner Mar 1979 50 p refs Prepared for NASA 

and DOE 

(Contract DEN3 6?) 

(NASA CR 159572 D OE/ NASA/ 0067 79 1> Avail NTIS 
HC A03/MF A0 1 CSCL 10B 

Component development nas resulted m routine molding of 
12 m by 17 in bipolar plates with 80 percent acceptance A 
5 C per hour post cure heating cycle for these plates was found 
to give blister free materials Lowering the resin in a bipolar 
plate content from 32 percent to 22 percent decreases the 



resistivity more than SO percent Evaluation of the corrosion 
resistance of Novidak and Resol resins at 185 C in phosphoric 
acid indicates a slow etch Aiesol modif ed phenolics however 
decompose rapidly Estimates of scid loss by the use of analytical 
expressions known as Margule van Laai and Wilson equations 
.vere not satisfactory Experimental evaluation of the P4010 vapor 
concentration of 103 wt percent acid at 191 C provided a value 
of 2 ppm This value is based on a single experiment Author 


N79 30S01 *f Boeing Engineering and Construction Seattle. 
Wash 

APPLICATIONS OF THERMAL ENERGY STORAGE TO 
PROCESS HEAT STORAGE AND RECOVERY IN THE PAPER 
AND PULP INDUSTRY Final Report. Sep 1S77 - May 

1S7S 

J H Carr P J Hurley and P J Martin Sep 1978 244 p 
refs Sponsored by NASA 

(Contracts EC-77 A 31 ’034 EC-77-C 01 5082) 

(NASA CR 159398 CONS 5082 1) Avail NTIS 

HC A11/MF A01 CSCL IOC 

Applications of Thermal Energy Storage ITES) m a paper 
and pulp mill power house were studied as one approach to 
the transfer of steam proa- ~t ion from fossil fuel boilers to waste 
fuel of (hog fuel) bc.ie's Date horn specific mills were analyzed 
and various TES concepts eva' joted for application in the process 
steam supply system Constant pressure and variable pressure 
steam accumulators were found to be the most attractive storage 
concepts for this application DOE 


N79 31784*# United Technologies Corp 
Power Systems Drv 

South Windsor 

Conn 

STRIP CELL TEST AND EVALUATION 
Report 16 Jun 1976 30 Apr 1977 

PROGRAM 

Final 

B Grtlow W F Bell and R E Martin 
refs 

(Contract NAS3 200421 

27 Oct 1978 

76 p 

iNASA CR 159652 FCR 0945' 

HC A05 MF A01 CSCL 10B 

Avail 

NT.S 


The performance characteristics of alkaline fuel cells 'o be 
used for space power systems weie tested Endurance tests 
were conducted on the cells during energy conversion operations 
A feature of the cells fabricated and tested was the capability 
lo evaporate the product water formed during the energy 
conversion reaction directly to space vacuum A fuel cell 
powerplant incoporatmq these cells does not regime a condenser 
3nd a hyd'ogen recirculating pump water separate-, to remove 
the product wate This simplified the tuel cell powerpinnt system 
reduced the systems weight and 'educed the system- parasite 
power A W H 


N79 32646*4 Comsat Labs Clarksburg Md 

LIMITINC '’OCESS IN SHALLOW JUNCTION SOLAR 
CELLS 

A Meulenberg and E Rittne- in NASA Lewis Res Center 
Sola' Cell High Efficiency and Radiation Damage 1979 Aug 
'979 p 35 36 Submitltd for publication I For primary document 
see N’0 J2640 23 44> 

Avail NTIS HC A 13 MF A0' CSCL 10A 

In attending the violet and nomeflective cell technology to 
lower resistivities several processes limiting output power were 
encountered The most important was Lie dark diffusion current 
due to recombination at the front gnd contacts Altei removal 
of this problem bv reduction of the silicon metal contact area 
( i 014 percent of the total area) the electric field enhanced 
junction recombination cuirent J sub i was the ™p.r. limitation 
Alteration of the diffusion profile to 'educe the function field is 
snown to be an effective mean? of influencing J sub r The 
remaining problems are the bulk recombination in the n • layer 
and the surface recombination at the o«ide silicon interface both 
of these problems are aggravated by band narrowing resulting 
from heavy doping in the diffuser. layer Experimental evidence 
for the mam limitations is shown where increased diffusion 
tempe'ature is seen to 'educe hoth the influence of the front 
gnd contects and the junction eloctnc field by increasing the 


junction depth The potential for further significant improvement 
in efficiency appears to be high J M S 


N79 32647*4 Florida Umv Gainesville Dept of Electrical 
Engineering 

DESIGN OF HIGH EFFICIENCY HLE SOLAR CELLS FOR 
BRACE AND TERRESTRIAL APPLICATIONS 

A Neugroschel and F A Lmdholm In NASA Lewis Res 
Center Solar Cell High Efficiency and Radiation Damage. 1979 
Aug 1979 p 37-60 refs (For primary document see N79-32640 
23 441 

(Grant NsG 30181 

Avail NTIS HC A13/MF A01 CSCL 10A 

A first-order analysis of HLE cells is presented for both 
beginning -of -life and end of life conditions Based on this analysis 
and on espenmentally observed values for material parameters 
Design approaches for both spacu and terrestrial cells are 
presented The approaches result in specification of doping levels, 
junction depths and surface cnnditions The proposed structures 
are protected to have both high V sub OC and high J s b SC 

J M S 


N79 32662*4 Solarex Corp Rockville Md 

THIN CELLS FOR SPACE 

G Storti J Wohlgemuth and C Wrrgley In NASA Lewis 
Res Center Solar Cell High Efficiency and Radiation Damage 
1979 Aug 1979 p 87 95 refs (For primary document see 
N79 32640 23 441 

(Contracts NAS3 21250 JPL 954883) 

Avail NTIS HC A13/MF A01 CSCL 10A 

Research and pilot line production efforts directed towards 
the fabrication of high efficiency uttrathin silicon solar cells 
(50 micrometers! are reported Conventional ultrathin cells with 
air mass zero IAM0) efficiencies exceeding 14% and coplanar 
back contact cells with AMO efficiencies up to 11 7% were 
developed The primary mechanisms limiting efficiency were 
determined in both types of cells and they are discussed withi ' 
the context of further improving efficiency Results of pilot line 
production of conventional ultrathin cells are also presented 
Average AMO efficiencies of 12% were radrly achieved for 2000 
cell production runs RES 


N79 32864*4 Optical Coating Lab Inc City of Industry Calif 

SILICON SOLAR CFLlS FOR SPACE USE PRESENT 
PERFORMANCE '.dD TRENDS 

P A lies F T Ho and S Khemthong In NASA Lewis Res 
Cente- oola' Cell High Efficiency and Padiation Damage 1979 
Lug 1979 p 101 104 (For primary document see N79 32640 
23 441 

Avail NTIS HC A13/MF A01 CSCL 10A 

A technology assessment of present performance levels and 
current fabrication methods and designs is p'esented RES 


N79 32662*1 State Umv of New York at Albany Inst for 
the Study of Defects in Solids 

HIGH ENERGY ELECTRON INDUCED DAMAGE PRODUC 
TION AT ROOM TEMPERATURE IN ALUMINUM DOPED 
SILICON 

J W Corbett L J Cheng A Jawoiowski J P Karins V H 
Lee L -jndstroem iFoersvarnt Forskmngsanstalt Stockholm 
Sweden) P M Mooney IVassar Coll I G Oehrten and K L 
Wang IGE Co Schenectady N Y I In NASA Lewis Res 
Center Solar Cell High Efficiency and Radiation Damage 1979 
Aug 1979 p 185 196 refs (For primary oocument see 
N79 32640 23 44) 

Avail NTIS HC A13/MF AOI CSCL I0A 

DLTS and EPR measurements are reported on aluminum 
doped srlicn-i that was irradiated at room temprrati 'e with 
high energy electrons Comparisons a r e made tc comparable 
experimen’ , on boron doped silicon Marry of the same defects 
observed in boron doped silicon an jlso observed in aluminum 
doped silicon but scve-al ottie were not observed including 
l lie aluminum inters’ ’.ui and iiummum associated r'efeclv 
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Damage production modeling including the dependence on 
aluminum concentration is presented MMM 


N79 33580* # General Electric Co Schenectady N Y 

CONCEPTUAL DESIGN OF THERMAL ENERGY STORAGE 
SYSTEMS FOR NEAR TERM ELECTRIC UTILITY APPLICA 
TIONS Final Report 

E W Hall W Haus/ R Anand N laMarche J Oplinger and 
M Katier Jul 1979 359 p rets Sponsored by NASA Prepared 
for DOE 

(Contracts DEN3 12 EC 77 A ? t 1034 2 EPRI Proi 
RP1082 II 

(NASA CR 159577 GE79ET0101 OOE/NASA/0O12 79/2) 
Avail NTIS HC A16/MF A01 CSCL 108 

Potential concepts for near term electric utility applications 
were identified The most promising ones for conceptual design 
were evaluated for their economic feasibility and cost benefits 
The screening process resulted in selecting two coal-fired and 
two nuclaar plants for detailed conceptual design The coal 
plants utilised peaking turbines and the nuclear plants varied 
the feedwater eitraction to change power output It was shown 
that the performance and costs of even the best of these systems 
could not compete in near term utility applications with cycling 
coal plants and typical gas turbines available for peaking power 
Lower electricity costs greater flexibility of operation and other 
benefits can be provided by cycling coal plants for greater than 
1 500 hours of peaking or by gas turbines for less than 1 500 hours 
if oil is available and its cost does not increase significantly 

RES 


N79 33581*# United Technologies Corp South Windsor Conn 
Power Systems Div 

ADVANCED TECHNOLOGY LIGHT WEIGHT FUEL CELL 
PROGRAM Final Report 9 May 1977 16 Jun 1978 

R E Martin 16 Jun 1978 73 p refs 
(Contracts NAS3 20621 NAS3 206041 

INASA CR 159653 FCR 10171 Avail N1IS 

HC A04, MF AO ' CSCL 10A 

A high performance hydrogen oxygen alkaline fuel cell was 
investigated Cell performance goals include 0 9 volts at z current 
density of 1000 ampeies pe' sq ft for 3000 hours at a cell 
temperature up to 300 F and reactant pressure up to 250 psia 
Subscale research cells were tested in the evaluation <?• five 
'anode ard five cathode cs.aiyst configurations Fuel cell matrices 
were fabricated f prv NASA supplied polyben/imidarole |P8H 
powder A c-'-ll edrjn frame and P8I matrix samples were corrosion 
tested i" 42 wtd* KOH >t 250 F 1 12 t Cl A total of 1 3 823 hours 
of research cell testing at 250 F was completed in addition 
494 hours ot testing at temperatures up to 300 F and reactant 
pressures up to 250 psia with 27 hours of operation at or 
above 0 9 V c at 1000 ASF was completed A supporleu 
platinum-on carbon catalyst configuration demonstrated stable 
operation at high temperature A new cell edge frame structure 
lowed low weight loss dunrig corrosion testing an indication 
of the mate-ial stabil ty and long life potential JMS 


A79 19106 * NaOH based high temperature heat-of fusion 

thermal i\'rgy storage device B M Cohen and R E Rice 
(Comstor. tnd Wescott. Inc Cambridge Mass.l. In Intersociety 
Energy Con rs.on Engineering Conference. 13th, San Diego Calif . 
August 2025. 1978 Proceedings Volume 2 IA79 10001 01 441 
*V:»rendale Pi Society of Automotive Engineers. Inc . 1978 p 
94 1 94; "’(■search supported by the US Department of Energy 
Contrac* No NAS3 20615 

A material called Thermkeep developed as a low cost method 
tor the storaoe of thermal energy tor solar electric power generating 
systems d discussed The storage device consists of an insulated 
cylinder containing Thermkeep in which coiled tubular heat ex 
changers are immersed A one tenth scale model of the design 
contains 25 heat exchanger tubes and 1500 kg of Thermkeep Its 
instrumental on includes thermocouples to measure internal Therm 
keep tenure ati 'es vessel surface, heated shroud surface and 
pressure gauges to indicate heat exchange* pressure drops The 


test-circuit OrHign is presented and experimental results are discussed. 

S.CS. 


A79- 17321 * Phase change thermal storage for i solar total 

energy system. R E Rice and B M Cohen (Comstock and Wescott. 
Inc.. Cambridge Mass I. In Sun Mankind's future source of energy 
Proceedings of the International Solar Energy Congress. New Oelhi. 
India. January 16-21, 1978 Volume 1 < A 79- 1 7276 05 441 Elms- 
ford. N.Y.. Periamon Press. Inc , 1978. p 511-515 Research 
suoported by the US Department of Energy; Contract No 
NAS3 20615 

An analytical and experimental program is being conducted on a 
one ten.h scale model of a high temperature 1584 Kl phase change 
thermal energy sto'age system fo< installation in a solar total energy 
test facility at A buquerque. New Mexico. USA The thermal 
storage medium is anhydrous sodium hydroxide with 8% sodium 
nitrate The program will produce data on the dyiam.c response of 
the system to repeated cycles of charging and discharging simulating 
those of the test fac iitv Data will be correlated with a mathematical 
model which will ther. be used in the design of the full scale system 

lAuthorl 


A79 20825 * Background and system description of the 

Mod 1 wind turbine generator E H. Ernst (General Electric Co . 
Valley Forge. Pa l In Selective application of materials for products 
and energy. Proceedings of the Twentv third National Symposium 
and Exhibition, Anaheim. Calil May 2 4, 1978 (A79- 20801 07 23) 
Arusa. Calif.. Society for the Advancement of Material and Process 
Engineering 1978. p. 403 408 Contract No NAS3 20058 

The Mod 1 wind turbine considered is a large utility class 
machine, operating in the high wind regime, which has the potential 
tpi genera! on ot utility grade powei at costs competitive with other 
alternative energy sources. A Mod 1 wind turbine generator IWTGl 
description is presented, taking into account the two variable pitch 
steel blades of the rotor, the drive tram. |>owet generation control, 
the Nacelle structure and the yaw drive The maior surface elements 
ot the IrVTG are the ground enclosure the hack up battery system, 
the step up transformer elements ot the data system, cabling, area 
lighting, and tower foundation The final system weight (rotor. 
Nacelle, and tower I is expected to he about 650 000 pounds The 
WTG will be capable ot delivering 1800 kW to the utility god in a 
wind-speed above 25 mph G R 


A79-20826 * Wind turbine generator application places 

unique demands on tower design and materials J P Kita (General 
Electric Co . Space Div Valley Forge Pal In Selective application 
of materials for products and energy Piuceedmgs ot the Twenty 
third National Symposium and Exhibition. Anaheim. Calif . May 2 4, 
1978 (A 79 20801 07 23) Arusa. Cald . Society tor the Advance 
ment ot Mateoal and Process Engineering. 1978. p 409416 
Contract No NAS3 20058 

The most relevant contractual tower design requirements and 
goal to: the Mod 1 tower aie related to steel truss tower construe 
non. cost effective state of the art design, a design life of 30 /ears. 
,‘ id maximum wind condiPons of 120 mph at 30 feet elevation The 
Moo i tuwer design approach was an iterative process Static design 
loads were calculated and member - ' '**s and overall geometry choser 
with the use of finite element computer tec! --dues Initial towe’ 
dynamic chaiactenstics were then combined w th the dynamic 
properties of the other wind turbme components and a senes ot 
complex dynamic computer programs were run to -stahlish a 
dynamic load set and then a second tower design G R 
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A79 20827 * Fatigue impact on f' J-1 wind turbine deaign. 

C. V Stahle. Jr. (General Electric Co.. Space Dm., Valiev Forge, Pa I. 
In. Selective application of materials for products and energy. 
Proceedings of the Twenty-third National Symposium and Exhibi- 
tion, Anaheim, Calif . May 2-4, 1978 (A79 20801 07 23) Azusa, 
Calif., Socie'y for the Advancement of Material and Process 
Engineering, 1978, p. 417-427. Contract No NAS3 20058. 

Fatigue is a key consideration in the design of a longlife Wind 
Turbine Generator (WTG) system. This paper discusses the fatigue 
aspects of the large Mod-1 horizontal-axis WTG design starting with 
the characterization of the environment and proceeding through the 
design Mator sources of fatigue loading are discussed and methods of 
limiting fatigue loading are described NASTRAN finite element 
models are used to determine dynamic loading and internal cyclic 
stresses Recent developments in determining the allowable fatigue 
stress .onsistent with present construction codes are discussed 
relative to their application to WTG structural design (Author) 


A79 27400 * » The application of hydraulics in the 2,000 kW 
wind turbine generator S Onufreiczuk (General Electric Co., Space 
Div., Valley Forge, Pa.). National Conference on Fluid Power and 
Power Transmission. Philadelphia. Pa Nov. 7. 1978. Paper 16 p 
Contract No NAS3 200L-8 

A 2000 kW turbine generator using hydraulic power in two of 
its control systems is being built undei the management of NASA 
Lewis Research Center The hydraulic systems providing the control 
torques and forces for the yaw and blade pitch control systems are 
discussed The yaw-drive system hydraulic supply provides the powe. 
for positioning the nacelle so that the rotary axis is kept in line y.-ith 
the direction of the prevailing wind, as well as pressure to the yaw 
and high speed shaft brakes. The pitchchange mechanism hydraulic 
system provides the actuation to the pitch change mechanism and 
permits feathering of the blades during an emergency situation. It 
operates in conjunction with the overall windmill computer system, 
with the feather control permitting slewing control flow to pass from 
the servo valve to the actuators without restriction. A A 


A79-51780 * Control and stabilization of the DOE/NASA 

Mod-1 two megawatt wind turbine generator R S Barton (General 
Electric Co.. King of Piussia, Pa I. C E J Bowlei, and R J Ptwko 
(Geneial Electric Co , Electric Utility Systems Engineering Dept . 
Schenectady N Y I In Iniersociety Energy Conversion Enqmeet mg 
Conference. 14th, Boston, Mass August 5 10, 1979. Proceedings 
Volume I (A79 51 726 23 44) Washington, D C . American Chemical 
Society, 1979, p 325 330 5 rets Research supported by the U S 
Depaurnent of Energy Contract No NAS3 20058 

This paper desenbes the controls design, performance simulation 
process and specialized dynamic considerations tor the DOE NASA 
Mod 1 wind tuibme generator (WTG) It shows controls, structural 
and utility interface considerations of the wind tuibine generator and 
shows how a Wind turbine generator can be integrated with a 
synchronous power system Differences with respect to fossil or 
hydro geneiation and then implications are vital to long term WTG 
reliability and availability and acceptance by utilities and consumers 
The paper descnlies the control performance requuements to prov-de 
stable pitch and excitation control with dtivetiam torsional dy 
nam.i- and the control of power swing stability and utility feeder 
voltage due to wind gusts (Author) 
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45 ENVIRONMENT POLLUTION 

Includes air non* thermal and water pollution 
anvironmant monitoring and contamination control 


N7B-12BSS*||I National Aeronautics and Space Administration 
Lawns Research Center Cleveland Ohio 

APPLICATION OP ICN CHROMATOGRAPHY TO THE 
■ TUDV OF HYDROLYSIS OF SOME HALOOENATEO 
HYDROCARBONS AT AMBIENT TEMPERATURES 

Dumas A Otterson 1978 24 p rets Presented at Symp on 

Ion Chromatography Sunnyvale Calif 21 Jun 1978 Sponsored 
by the Dionei Corp 

INASA TM 79020 £ 9817) Avail NTIS HC A02/MF A01 
CSCl 07D 

The application of ion chromatography to the study of very 
slow rates ot hydrolysis of some halogenated hydrocarbons was 
investigated The halide concentrations m the aqueous phase of 
mixtures of a carbonate buffer (pH 10 31 and either chloro 
form ICHC13I or fluorotnchloromethane (CFC13I aftei aging for 
various lengths of time at room temperature were determined 
by ion chromatography Hydrolysis ot CHC13 caused the Cll-I 
concentration to increase by about 1500 ppb per day On the 
other hand neither the Ft - > or C1( ! concentration in the CFC13 
mixture increased by as much as 1 ppb per day The magnitude 
of errors *n the determination of halides prevented any firm 
conclusions regarding hydrolysis in this mixture However thnse 
results were used to show how ion chromatography could expedite 
identification ot the hydrolyzing substance as well as investigations 
of i.,drr‘vsis mechanisms Author 


N7B 16448*4 National Aeronautics and Spare Administration 
Lewis Research Center Cleveland Ohio 

NABA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 
(GASP) DATA REPORT FOR TAPE VL0009 

J 0 Hoi deman Thomas J Dudzmski Ted W Nyland and Marvin 
W Tiefermann Dec 1978 37 p refs 

(NASA TM 79058 £ 9872 Rept 81 Avail NTIS 

HC A03/MF A01 CSCL 04A 

The GASP atmospheric trace constituent data cover atmos 
pheric o /one carbon monoxide condensation nuclei clouds and 
reie'ed meteorological and flight information obtained during 
October 2R 31 1977 Reported herein are flight routes and 

dates instrumentation data processing procedures and data tape 
specifications G G 


N 79 15460*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

NABA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 
(GASP) DATA REPORT FOR TAPES VL0010 AND VL0012 

J D Holdeman Thomas J Dudzmski Marvin W Tiefermann 
and Ted W Nyland Jan 1979 77 p refs 
INASA TM 79061 £ 9874) Avail NTIS HC A05/MF A01 

CSCL 138 

The GASP atmospheric trace constituent data currently 
available are considered Included on tapes are in situ measure 
ments of atmospheric ozone carbon monoxide water vapor and 
clouds data from laboratory analysis of filteis exposed in flight 
and related flight and meteorological data Measurements of ozone 
levels within the fust class cabin ol these aircraft are also reported 
In addition to me GASP data tropopause pressures obtained 
from time and space interpolation of NMC archived data for the 
dales of the flights a'e included Reported herein are the flight 
routes and dates iisliumentation data processing procedures 
data tape specifications and analyses of the cabin ozone 
measurements G G 


N79 17368** National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ION CHROMATOGRAPHIC DETERMINATION OF SULFUR 
IN FUELS 

Constance b Mizisin David £ Kuivmen and Dumas A Otterson 
’978 16 p refs Presented at the 2d Natl Symp on Ion 


Chromatographic Analysis of Environ Pollutants and other 
Analogous Compounds Research Triangle Park. N C . 11-13 Oct 
1978. sponsored by EPA 

(NASA TM 78971 E 97431 Avail NTIS HC A02/MF A01 
CSCL 138 

The sulfur content of fuels was determined using <«n ion 
chromatograph to measure the sulfate produced by a modified 
Pan tomb oxidation Standard Reference Materie's from tha 
Natu t til Bureau of Standards of appronmatelv 0 2 * or 0 004% 
sulfur were analyzed resulting in a standard deviation no greater 
than 0 008 The ion chromatographic method can be applied to 
conventional fuel' as well as shale oil derived fuels Other acid 
forming elements such as fluorine, chlorine and nitrogen could 
be determined at he same time provided that these elements 
have reached a su rable ionic state during the oxidation of the 
fuel G Y 


N79 17369*4 Nation* 1 Aeronautics and Space Administration 
Lewis Research Center C‘e<'eland. Ohio 

NABA GLOBAL ATMC'tH’HERIC SAMPLING PROGRAM 
(GASP) DATA REPORT FOR TAPES VL0007 AND VL000B 

J D Holdeman Daniel J Gauntner Francis M Hunenik. and 
Daniel Briehl Nov 1977 58 p refs 

(NASA TM 73784 £ 93481 Avail NTIS HC A04/MF A01 
CSCL 13B 

The Global Atmospheric Sampling Program IGASP) is obtain 
mg measurements of atmospheric trace constituents in the upper 
troposphere and lower stiatosphere using fully automated air 
sampling systems on board the NASA CV 990 research aircraft 
and four commencal 8 747 aircraft in routine airline service 
In situ measurements of atmospheric ozone and water vapor 
data from laboratory analysis of filters exposed in flight and 
related flight and meteorological data obtained from September 
1976 through January 1977 are reported These data are now 
available on GASP tapes VL0007 & VL0008 from the National 
Climatic Center Asheville North Carolina In addition to the 
GASP data tropopause pressure fields obtained from NMC 
archives for the dates of the GASP flights are included on the 
datatype Flight routes and dates instrumentation data processing 
procedures and data tape specif cations are described Author 


N79 18479** National Aeronautics and Space Administration 
Lev. *s Research Center Cleveland Ohio 

CONDENSATION NUCLEI (AITKIN PARTICLE) MEASURE 
MENT SYSTEM USED IN NASA GLOBAL ATMOSPHERIC 
SAMPLING PROGRAM 

Ted W Nyland Feb 19 7 9 28 p rels 

INASA TP 1415 E 98 ’ 61 Avail NTIS HCA03MFA0I CSCL 
1 3B 

The condensation nuclei lAuken particle) measuring system 
used m the NASA Global Atmospheric Sampling Program is 
described Included in the paper is a description ol the conde isa 
lion nuclei monitoi sensor the piessunzaho i system and the 
Pollack counter calibration system used to support the CN 
measurement The monitor has a measurement range to 1000 
CN cm cubed and a no'se level equivalent to 5 CN/crr. cubed 
at flight altitudes between 6 and 13 km Author 


N7B 20627*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INDUSTRIAL POTENTIAL USES. AND PERFORMANCE OF 
SPUTTERED AND ION PLATED FILMS 

Telrvaldis Spalvins 1979 16 p refs Presented at the 22nd 

Ann Tech Conf of the Soc of Vacuum Coaters New Orleans 
28 30 Mar 1979 

INASA TM 79107 £ 99321 Avail NTIS HC A02/MF A01 

CSCl 20A 

The sputtering and ion plating technology is reviewed in 
terms of their potential uses and performance It offers the 
greatest flexibility in coating preparation since coatings can be 
tailored in any preferred chemical combination and graded type 
interfaces Iceramic to metal seals) can be formed Sputtered 
and ion plated film characteristics such at the degree of 
adherence coherence and morphological growth which contribute 
to film pedormance and reliability are deathbed and illustrated 
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M uHd m practice It it concluded that tha potential futura ol 
■puttarad and ion platad Wmi tor induttnal applicationt will 
depend primarily upon greater c umpreheneron of matanalt 
aalaction. pottibta alim-nation of rattrictiona for coating/ tubatrata 
combrnttioni and I ha awaranatt of utilmng tha propar dapoaition 
paramatara Ac hor 


NTt NUt'l National Aaronautict and Spaca Admimatration 
Lawit Reeaarch Cantar. Oavaland Ohio 

rpfrcts os air injection on a turrocharoko 

TILCOVNI CONTINENT! Al MOTOR* TRIO MO- C KNQIM 

Donald V Coagrova and Erwin E Kampka 1979 37 p raft 

Presented at tha Butmaat Aircraft Matting. Wichita. Kan* . 
3-6 Apr 1979. aponyored by tha Soc of Automotnr* Engr 
(NASA TM 79121. E 99561 Avail NTIS HC A03/MF A01 
A turbocharged fuel injected aircraft angina wat oparatad 
over a range of >eat condition* that includad that EPA five mod* 
amiaaront cycle and fuel air ratio variations for individual modet 
while injecting air into tha exhaust gat Air injection resulted in 
a decrease of hydrocarbon* and carbon mcnoaida while aacaedmg 
the maiimum recommended turbine inlet temperature of 1 650 F 
at the lull rich nurture of the engine Leanout teatt indicated 
that th* EPA standards could bo met through the combined 
uae of fuel management and air injection Author 


N79-22M4*# National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio . 

OZONE MEASUREMENT SYSTEM FOR NASA GLOBAL AIR 
SAMPUNO PROGRAM 

Marvin W Tiefermann May 1979 21 p ref* 

(NASA TP 1451 E 9829) Avail NTIS HCA02'MFA01 CSCL 
13B 

The orone meeiurement system used in the NASA Global 
Air Sampling Program is described The system uses a com 
mercially available orone concentration monitor that was modified 
and repackaged so as to operate unattended in an aircraft 
environment Tne modifications required for aircraft use are 
described along with the calibration techniques, the measurement 
of oione loss m the sample line- and the operating procedures 
that were developed fo> use i.t the program Based on calibrations 
with JPLs S meter ultraviolet photometer all previously 
published GASP orone data are biased high by 9 percent A 
system error analysis showed that the total system measurement 
random error • from 3 to 8 percent of reading Idependmg on 
the oump diaphragm material) or 3-ppbv whichever are 
greater Author 


N7S 31S41*|f National Aeronaubcs and Space Administration 
Lewis Research Center Cleveland Ohio 

CARBON MONOXIDE MEASUREMENT IN THE GLOBAL 
ATMOSPHERIC SAMPLING PROGRAM 

Thomas J Dudrinski Sep 1979 2C p refs 

iNASA TP 1526 E 99721 Avail NTIS HC AC3/MF A01 CSCL 

• 3B 

The carbon monoside measurement system used in the NASA 
Global Atmospheric Sampling Prooram IGASFi is described The 

system used a modified version or a mmerci illy available infrared 

absorption analyte' The modifications inf ased the sensitivity 

of the analvter to 1 ppmv full scale will. „ j‘ itectabilitv 

of 0 02 ppmv Packaging was modified lor autom tic un»..end r ! 
operation in an aircraft environment The GASP *• -lem .» described 
along wit'i ana'y/er operation calibratio p.ocedures and 
me*- ernent er'O’S Uncertainty of the CO measurement nver a 
2 year period anged from • or 3 to ♦ or 13 pe .ant . • 

reading plus an error due to random fluctuation of ut 

signal • O' 3 to • or 16 ppbv '-utho' 


A79-15079 * Pattern recognition methods and aw pollution 

source identification. H F. Leibecki and R. 8 King INASA. Lewis 
Research Center. Cleveland. Ohio). In Joint Conference on Sensing 
of Environmental Pollutants. 4th. New Orleani, La.. November 611, 
1977, Proceedings. (A79 1 5023 04 451 Washington, D C., American 
Chemical Society, 1978, p 434 437 9 refs. 

Directional an samplers, used for resolving suspended particulate 
matter on the basis of time and wind direction were used to assess 
the feasibility of characterising and identifying emission source tyjjes 
in urban multisource environments. Filters were evaluated for 16 
elements and X ray fluorescence methods yielded elemental concen 
trations for direction, day. and the interaction of direction and day 
Large numbers of samples are necessary to compensate for large 
day to day variations roused by wind perturbations and'or source 
changes S.C.S 


A 79-31332 * a Measurements of carbon monoside, condense 
tion nucisi. and os on* on a B 747SP aircraft flight around th* world. 

D J. Gauntner, T Ny.and, M, Tiefermann, and T, Oudsinski (NASA. 
Lewis Research Center, Cleveland, Ohio). Geophysical Research 
Letters, vol 6. Mar 1979, p 167-170 10 refs. 

Measurements of carbon monoxide, condensation nuclei, and 
osone concentrations were obtained during a 54 hour polar flight 
around the world by an automated instrument package carried by a 
B 747SP commercial aircraft. These and other data were obtained as 
part of the NASA Global Atmospheric Sampling Program. All data 
exhibited longitudinal and hemispheric differences. Analysis of the 
data indicate increased concentrations of carbon monoxide and 
condensation nuclei at flight levels in the troposphere over tropical 
land masses. A background concentration for condensation nuclei 
was found to be 200 per cu cm for tropical tropospheric maritime 
air (Author) 


A7 9 38942 * Experimental evidence of mterhemisphenc 

transport from airborne carbon monoxide measurements. R. E 

Newell (M.T. Cambridge, Mass I and D J. Gauntnei (NASA. Lewis 
Rc-eaich Center, Cleveland. Ohio) Journal ot Applied Meteorology. 
vol 18. May 1979, p 696 699 9 refs Research supported by the 
U S Department ol Energy 

During the penod 28 30 Octobei 1977, a Pan American 717 SP 
aucratl flew around the world with an automated instrument 
package that included measurements ot atmospheric CO made esery 
4 sec The 'light path extended from San Francisco, over the Nudh 
Pole to London, south to Cajjetown, over the South Pole to 
Auckland, and back to San Francisco The data collected show laigi 
changes with longitude, which are interpreted as direct evidence o' 
mterhemisphenc mixing. Possible sources for CO are discussed S 0 


A79 49494 ’ Sulfate and nitrate mixing ratios m the vicinity 

of the tropopauw E A Le/herg. F M Humcn.k, and D A 
Otteison (NASA, Lewis Revjarch Center, Cleveland Ohio) Afmo 
spheric Environment vo 13, no. 9. 1979, p 1299 1304 1 8 rets 
Measurement" ut sui'ate and nitrate in filter samples mad* 
durinq the C-'-Mtl Atmospheric Sampling Program IGASPl from 
ancraft '' mg near the tropopause over a period ol 23 months 
betjf in early 1976 are presented Sulfate and nitrate mixing 
• show a peak near or |usl above the tropopause during the 
winter spring seasons No peak is evident for sulfate during the 
summer fall seasons The sulfate mixing ratios show a constant 
average level in 1977 78 of 0 12 ♦ or 0 04 ppbm above the 
tropopause and 0 05 « or 0 04 ppbm oelow the tropopause with 
higher levels in the spring Nitrate levels are similar but exhibit 
greater variability Correiitions between sulfate and nitrate (r * 0 781 
and between sulfate and nitrate, on orone (r • 0 CO. 0 781 suggesl a 
predominately stratospheric source to' these species i Author! 
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N79 27718 *| Stale Umv of New York at Albany Atmoaphanc 
Sciencet Research Canter 

A SUMMARY OF AISCARCH ON TNI NASA OLOSAL 
ATMOMHiRIC SAMRUNO PROGRAM PfRFORMtD SV 
TNI ATMOMHIRIC SCIINCIS PIMARCH Cl N TIN Final 
Raped 

Phillip D Falconer and Robert W Pratt Jun 1979 59 p ref* 

(Grant NsG 3138) 

(NASA CR 159614) Avail NTIS HC A04/MF AOf CSCL 
138 

The annual variation* of ozon* near the tropopause are derived 
from aircraft eihibit year to yaar difference* which are not 
explicitly accounted for by the timple cleitical oron* transport 
theory Phenomena *uch a* tropopause lifting intarannual 
variation* in the late* of »trato*ph*'ic-tropo*phenc exchange 
and meridional mixing contribute differently to the dittribution 
of .tone in thi* altitude region O/one encounter climatologies 
have been represented by global maps which show the probabtli 
tie* of exceeding ambient o/one levels ot 200 300 and 400 ppbV 
along flight routes during the year Continuous o/one records 
obtained from the GASP system revealed the presence of gravity 
waves whose wavelength is of the order 20 km The GASP 
data cannot however be utilized for the evalual'On of horizontal 
fluxec of such quantities as ozone sensible heat and zonal 
momentum the data am too sparsely and irregularly distributed 
for the compulation of stable correlations Multiple species data 
from the unique circumglobal fliihl uf a Par American airliner 
on 28 30 October 1977 are discussed with particulai regard to 
the apparent interhemisphenc differences in tropospheric species 
concentrations variation be'wean the Arctic end Antarctic 
stratospheres to possible covariations between species and to 
potential source regions foi various constituents J M S 


159 



46 GEOPHYSICS 

Includes ••ronomy upper end lower atmosphere st* ; *e» 
•onoaphenc and magnet otphenc phytic* end geoma^-iet 
itm 

For apace radiation tee 93 Spec a Radiation 


A79 15068 * An analysis of the first two years of GASP 

data J D Holdeman (NASA Lewis Research Center. Combustion 
and Pollution Res* arch Branch. Cleveland. Ohio). G D Nashom 
(Control Data Corp.. Minneapolis. Mmn.l, and P 0 Falconer (New 
York. State University. Alliany. NY) In Joint Conference on 
Sensing of Environmental Pollutants, 4th. New Orleans. La. Novem 
t**r 6 1 1. 1977, Proceedings ( A *9- 15073 04 4 5) Washington, DC.. 
American Chemical Society. 1 9 78. fi 3*3317 ?1 refs. 

Distnliutiorn r 4 mean 0 /oor levels from the first two years of 
data from the NAS* Global Atmospheric Sampling Program (GASP* 
show spatial and tempoi.'i variations in agreement with previous 
measurements The standard *k .aborts o* these distributions rrMect 
the laige natural variability of o/one levels in the altitude range of 
the GASP measurements Monthly mean levels of o/one below the 
tropopause show an annual cyc le with a spring maximum wh t h is 
believed to result from transport from the ’’t'afotpherr Correlations 
of o/one with independent meteorological parameters, jndmrtroro 
logical paiameteis obtained by the GASP systems show that th s 
transport curs primarily through cyclogenesis at mid latitudes The 
GASP water vapor data, analyzed with respect to the location of th* 1 
Tropopause. correlates well with the si mu I taneously obta ned o/one 
and cloud data .thor) 


A 79 448 10 * Ozone in the upper troposphere from Gasp 

measurements G D Nastrom (Control Data Corp Minneapolis. 
Minn.). Journal of Geophysical Research voi B4 July 70. 1979. p 
3683 3688 74 iefs Contract No NAS3 71749 

Several aspects of tropospheric o/one variations are esammed 
by using o/one measurements made from commercial airliners (Gasp 
data) Through visual inspection of the autocorrelation function it is 
shown that the e^st west variations of ozone have a predominant 
wavelength near 7400 km, while temperature and wind have 
predominant wavelength* near 3300 Km Distance lagged coi relation 
functions ut w’nne with temperature and wind show a definite 
periodicity with wave" •'Oths near 7400 Km Attention is given to the 
tropical tropospheric o/one vc‘ues above 100 parts pet billion by 
volume, which appear to be associated with meridional transport 
from middle latitudes, and in some cases relatively large tropical 
ozone values coincident with clouds WFP 
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47 METEOROLOGY AND 
CLIMATOLOGY 

Includes weathei forecasting and modification 

N7S 17418*4 National Aeronaulics and Space Admimstralion 
Lewis Research Center Oaveland Ohio 

AIRCRAFT ICING 

Poder J Perkins In Tenn Univ Space Inst Pure o ( the 2nd 
Ann Workshop on Meteorol and Environ Inputs In Aviation 
Systems Mar 1978 p 85 99 refs (for primary docement see 
N79 17413 08 471 

Avail NTIS HC A 1 2/ ME A01 CSCl 04B 

A 'epresentative of the NASA Lewis Research Center 
presented s discussion which concentrated on the meteorology 
of icing and its measurements Other areas addressed were 
test facilities ice protection tystoms and the effects of ice on 
performance G Y 


Energy Laser (ME LI coupled to an adaptive antenna to transmit 
multi megawatts of powei to a satellite in loweaith orbit Our 
investigation included diffraction efiects. atmospheric transmission 
efficiency, adaptive compensation for atmospheric turbulence ef 
fects. including the servo bandwidth reouuements for this correction, 
and the adaptive compensation for thermal blooming For these 
evaluations we developed vertical profile models of atmosphenc 
ahsoiption. strength of optical turbulence (CN7I. wind, temperature, 
and other parameters necessary to calculate system perfoimance Our 
atmospheric investigations were per formed for C02. 17C180? 
isotope, CO ans. DF wavelengths For all of Uses* considerations, 
outpsrt antenni locations of both sea level and mountain top (3 6 km 
above sea levell were used Several adaptive system concepts were 
evaluated with a multiple source phased array concept being selected 
This system uses an adaption technique of phase locking independent 
laser oscillators When both system losses and atmospheric effects 
were assessed, the results predicted an overall power tiansfer 
efficiency of slightly greatei than 50V (Author) 


N 78 20672*1 National Aeronautics and Specs Administration 
Lewis Research Center Cleveland Ohio 

MOOI 1 CRACK SURFACE DISPLACEMENT!! FOR A 
ROUND COMPACT SPECIMEN SUBJECT TO A COUPLE 
ANO FORCE 

Bernard Gross 1979 13 p refs Presenteo '1 the 12th Natl 

Symp on Fracture Mach St Louis 21 23 May 1979 sponsored 
in part by the Am Soc for Testing snd Mater 
(NASA TM 79096 E 99201 Avail NTIS HC *02 ME A01 
CSCL 048 

Mode I displacement coefficients along the crack surface 
are presented for a radially cracked round compact specimen 
treated at a plane elestostatic problem subjected to wo types 
of loading a uniform tensile stress and a nominal tiending stress 
distribution across the net section By superposition the re 
sultant displacement coefficient o< the corresponding influence 
coefficient can be obtained for any practical load location Load 
line displacements are presented tor A/D ratios ranging from 
0 40 to 0 95 where A is the crack length measured from the 
crack mouth to the creek tip and D is the specimen diameter 
Through a linear estrapolation procedure creek mouth displace 
ments are also obtained Evpenmental evidence shows the. the 
results are valid over the 'enge of A/0 ratios analysed hit a 
practical pm loaded round compact specimen Jk'S 


NTS 20S21*| National Aeronautics and Space Administration 
cewis Research Center Oaveland Ohio 

COMMERCIAL AIRCRAFT DERIVED HIGH RESOLUTION 
WIND AND TEMPERATURE DATA FROM THE TROPICS 
FOR FOOE IMPLICATIONS FOR NASA 

R Sternberg In NASA c odda'd Space Flight Center 3d 
NASA Weather end Climate Program Sc Rev 197 7 p 765 270 
(For primary document see N79 20575 11 47l 
Avail NTIS HC A 14/ ME A01 CSCL 048 

Two programs involving over 100 commercial aircraft were 
initiated to provide gtobal high resolution in situ wmdfield end 
tempeiaiure data duiing the EGGE The concepts developed for 
these programs could have important implications foi both 
meteorology end avia’ion in the neei term G V 


A79 17180 ■ Ground to space optical power Pansier G E 

Meyety C l H.iyrn J F S. uHno iRurSwrll Intrrnafionj Elec 
Uonirt Resr jich Cr r lei A' jh. m Cel • I and R M Stubbs INASA 
t ewn Rrrrjn i Cente Cleveland Ohioi In Adapl'Ve optical 
components Pi oceed'ngy nt ihe Srm,T..ir Washington DC Match 
30 31 1978 I A 19 1 7 1 70 05 35l Bellingham Wash Society of 

Photo Ol'I c al Instrumental nn Engineers 1978 p 108 117 17 r *r f s 
Contract No NAS3 1B937 

Us nfl as-t radiatron as the energy >npii to a otke* it n 
possible to consider the tianitei or large payloads economically 
tarlweer low n tijl orb IS and li ghc energy ortvts In th i Pape* we 
win cl kuss The results o' a f ‘ n*esl gal or 1 to use a ground based High 



48 OCEANOGRAPHY 

Include* b-otoyc* dyngmas. and pt»y*cal ocMnography 
•nd m*rw* ihovkcm 


A79 5109G • » A companion of measured *nd calculated 

upwellng radiance over *itn at a function of tanioi altitude T A 

Coney and J A Sal/men (NASA, lawn Researrh Center, Cleveland. 
Ohio) Unirrrmy at Vfir bigari lnt*r'..‘ -nml Symposium on Remote 
Sensing ot Invironment. 13th. An Art,- r Mich Apr 3337 1J79 
P nmr 1 7 p 7 re»v 

The present paper compares remote sensinq data measured over 
water at altitudes ranqmg trom 30 m to 15? ant to data calculated 
tor corresponding altitudes utinq surface measurements and an 
atmospheric radiative transfer model The date were acquired on 
June 33. 1978 in lake €ne snd it wai found that suspended soldi 
and chlorophyll concentrations were f 59 • or 0 0? mg liter and 
? 47 • or 0 03 micro qr am liter eapectively throughout the 
duration of the eipenrnent Calculated and measured nadir 'adiances 
for altitudes of 15? m and 17 5 km agree to within 16% and 14% 
respectively It is noted that the model ottered a poor simulation of 
the variation in measured radiance with look angle Fme'ly d is 
concluded that an accurate assessment of the source of error will 
require the inclusion in the analysis of the contributions marie by the 
sea state and specular sk” reflectance M t P 



53 BEHAVIORAL SCIENCES 

Includes psychological factors individual and group 
behavoi crew training and evaluation and psychiatric 
research 


N7t 26753*0 National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

OVERALL LOUDNESS OF STEADY SOUND* ACCORDING 
TO THEORY AND EXPERIMENT 

Walton L Howes Oct 1979 150 p refs 

(NASA RP- 1001 E 83421 Avail NTIS MFA01. HC SOD 

CSCL 05J 

A mathematical theory for calculating the loudness of any 
steady sound from information on its spectrum is constructed 
from phy.'.t'- al principles and psychological and physiological 
information on mammalian auditory systems The theory involves 
filtering channeling squaring, half wave rectification and time 
average of the signal The theory accounts for critical bands for 
loudness, audibility of sounds consisting of subliminal components, 
audible beats periodicity pitch and pitch of the residue These 
and other pyschoacoustic phenomena are explained in terms of 
electrical activity in me penpheial nervous system Simple 
approximations for loudness are derived from the more exact 
formulas Loudness predictions are compared with a wide variety 
of published loudness judgement data with considerable sue 
cess Author 
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54 MAN/SYSTEM TECHNOLOGY 
AND LIFE SUPPORT 

Includes human engineering biotechnology and space 
suits and protective clothing 


A79-1 1544 * *r Digital enhancement of computerized axial 

tomograms E Roberts. Jr (NASA. Lewis Research Center. Cleve 
land. Ohio) IEEE. N!H. and Stafford University. Annual Computers 
in Cardiology Conf°renct . 5th Stanford. Cald . Sept. 12 14, 1978. 
Pap'tr 5 p 

A systematic evaluation has been conducted of certain digital 
image enhancement techniques performed in image space Three 
types of images have been used computer generated phantoms, 
tomoqram* of a synthetic phantom, and H*ial tomograms of human 
anatomy containing images oi lesions, artificially introduced into the 
tomoqiems Seveial tyfies of smoothing, shaipenmg. and hi$log*am 
modification have been explored It has been concluded that the 
most useful enhancement techniques ar* a selective smoothing of 
singula' picture elements, ombmed with contrast man pulation The 
most useful tool in applying these techniaues is the gray scale 
histogram. lAuthoO 
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60 COMPUTER OPERATIONS AND 
HARDWARE 

Includes computer graphics and data processing 
For components see 33 Electrcnics a nd Electrical 
E ngineenng 


N7l207U'f National Aaronautics and Space Administration 
Lawns Research Cantar Cleveland Ohio 

LEWIS HYBRID COMPUTING SYSTEM. USERS MANUAL 

William M Bruton and David S Cwynar Apr 1J79 91 p 
(NASA TM 79111. E 99381 Avail NTIS Hu. A05/MF A01 
CSCL 098 

Tha Lawis Rasaarch Centers Hybrid Simulation Lab contains 
a collection of analog, digital, and hybrid (combined analog and 
digital! computing equipment suitable for tha dynamic simulation 
and analysis of complex systems This report is intended as a 
guide to users of these computing systems Tha report describes 
the available equipment and outlinaa procedures for its use 
Particular is given to tha operation of tha PACER 100 digital 
processor System software to accomplish the usual digital tasks 
such as compiling editing, ate and Lewis-developed special 
purpose software are described Author 


N79 28881 ‘a National Aeronautics ar.d Space Administration 
Lewis Research Center Cleveland Ohio 

INTRAOCULAR PRESSURE REDUCTION AND REGULA 
TION SYSTEM 

Edward f Baehr James E Burnett Sanfoid F heider and William 
J McGannon 1979 14 p Presented at Symp on Glaucoma 

Surgery Detrort 17 18 May 1979 

(NASA TM 791B7 E 038> Avan NTIS HC A02 MS A01 CSCL 
06 E 

An intraocular pressure reduction and regulation system is 
described anc data are presented covering performance in 
It) reducing intraocular pressure to a preselected value 
l2l maintaining a et minimum intraocular pressure and (3l 
reducing the dynamic increases in intraocular pressure resulting 
from external loads applied to the eye Author 
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61 COMPUTER PROGRAMMING 
AND SOFTWARE 

Inc'udes computet programs routines, and algorithms 

National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

INTERACTIVE DEBUG PROGRAM FOG EVALUATION AND 
MODIFICATION OF ASSEMBLY LANGUAGE SOFTWARE 

Jale J Arpasi Apr 1979 82 p refs 

(NASA TP 1441. E-92 19) Avail NT1S HCA05/MFA01 CSCL 
099 

An assembly-language debug program written for the 
Honeywell HDC-601 and OOP-516/316 computers is described 
Names and relative addressing to improve operator- machine 
interaction are used Features include versatile display, on-line 
assembly and improved program execution and analysts The 
program rs discussed from both a programmer s and an operator's 
standpoint Functional diagrams are included to descnbe the 
program, and each command is illustrated S E S 


N79 23688*0 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

WETAIR A COMPUTER CODE FOR CALCULATING 
THERMODYNAMIC AND TRANSPORT PROPERTIES OF 
AIR WATER MIXTURES 

Theodore E Fessler May 1979 16 p refs 

(NASA TP 1466 E 98011 Avail NTIS HCA02/MFA01 CSCL 

09 B 

A computer program subroutine WETAIR was develop' .. 
to calculate the thermodynamic and transport properties of air 
water mixtures It determines the thermodynamic state from 
assigned values of temperature and density pressure and density 
temperature and prc.iure pressure and entropy or pressure and 
enthalpy The WETAIR calculates the properties of dry air and 
water isteam) by interpolating to obtain values from property 
tables Then it uses Simple mixing laws to calculate the properties 
of air water mixtures Properties of mixtures with water contents 
below 40 percent Iby mass) can be calculated at temperatures 
from 273 2 to 1497 K and pressures to 450 MN/sq m Dry air 
properties can be calculated at temperatures as low as 1 50 K 
Water properties can be calculated at temperatures to 1747 '( 
and pressures to 100 MN.sq m The WETAIR is available in 
be n SFTRAN and FORTRAN JMS 


N79 29832*0 Lockheed Missiles and Space Co Huntsville 
Ala Research and Engineer. ng Center 

CELFE COUPLED EULERIAN LAGRANGIAN FINITE 
ELEMENT PROGRAM FOR HIGH VELOCITY IMPACT 
PART 1 THEORY AND FORMULATION Final Report. Jun 
1975 Sap 1977 

C H Lee Jan 19 78 168 p 

I Contract NAS3 18908* 

(NASA CR 159395 LMSC HREC TR 0497204 Pt -1 1 Avail 
NTIS HC A08 MF A01 CSCL 09B 

A 3 0 fi.ute element program capable of simulating the 
dynamic behavior in the vicinity of the imps.t point together 
with predicting the dynamic response in the remaining part of 
the structural component sub|ected to high velocity impact is 
discussed The finite algorithm formulated in a general 
moving coordinate the vicinity of the impact point 

contained by a moving failure front the relative velocity of the 
coordinate system will approach the mateoal particle velocity 
The dynamic behavior inside the region is described by Eulerian 
formulation based on a hydroelasto viscoplastic model The failure 
front whuh can be regarded as the boundary of the impact 
/one is described by a transition layer The layer changes the 
representation from the Eule' an mode to the Lagrangian mode 
outside the failure front by varying the re'ative velocity of the 
coordinate system to zero The dynamic tesponre in the remaining 
part of the structure described by the Lagrangian formulation is 
treated using advanced structural analysis An interfacing algorithm 
foi coupling CElFE with NA5TRAN is constructed to provide 
computational capabilities for large structures A R H 


N 79 29833*0 Lockheed Missiles and Space Co . Huntsville 

Ala Research and Engineering Center 

CELFE: COUPLED EULERIAN LAGRANGIAN FINITE 

ELEMENT PROGRAM FOR HIGH VELOCITY IMPACT 
PART 2: PROGRAM USER'S MANUAL Final Report. Jun 
1976 - Sep 1S77 

C H Lee Jan 1978 270 p 
(Contract NAS3- 18908) 

(NASA CP 159396 LMSC HREC TR D497204 Pt 2) Avail 
NTIS HC A12/MF A01 CSCL 098 

The CELFE computer program and user s manual together 
with the execution of the CELFE/NASTRAN system are described 
The execution procedure and the transfer of data between the 
CELFE and NASTRAN programs are controlled through the use 
of DATA files in the Univac 1100 system Five data files are 
used to control the runstream and data transfer and three files 
are used to bold the programs These files are contained on a 
single tape Changes in NASTRAN routines required by the present 
analysis are also discussed in this report All the program listings 
except the last two files (where the absolute and relocatable 
elements are stored) are included in the appendixes Author 


N78- 33881*# Boeing Computer Services Inc Seattle Wash 
Energy Technology Applications Div 

AN EXPANDED SYSTEM SIMULATION MODEL FOR SOLAR 
ENERGY STORAGE (TECHNICAL REPORT). VOLUME 1 
Final Report 

A VV Warren Aug 1979 107 p refs 2 Vol 

(Contracts DEN3 42 EX 76 A 31 1026) 

(NASA CR 159601 DOE/NASA/0042 79/ 1 Vol 1 
BCS 40159 II Avail NTIS HC A06/MF A01 CSCL 098 
The simulation model for wind energy storage (SIMWEST) 
program now includes wind and/or photovoltaic systems utilizing 
any combination of five types of storage (pumped hydro battery 
thermal, flywheel and pneumatic) and is avalable for the 
UNIVAC 1100 series and the CDC 6000 senes computers The 
level of detail is consistent with a role of evaluating the economic 
feasibility as we'l as the general performance of wind and/or 
photovoltaic energy systems The software package consists of 
two basic programs and a library of system environmental and 
load components The first program is a precompiler which 
generates computer models (in FORTRAN) cf complex wind and/or 
photovoltaic source/storage/application systems from user 
specifications using the respective library components The 
second program provides the techno-economic system analysis 
with the respect've 1/0 the integration of system dynamics 
and the iteration for conveyance of variables A R H 


N 79 33882*0 Boeing Computer Services Inc Seattle Wash 
Energy Technology Applications Div 

AN EXPANDED SYSTEM SIMULATION MODEL FOR SOLAR 
ENERGY STORAGE (UNIVAC OPERATION MANUAL 
REVISIONS). VOLUME 2 Final Report 

A W Warien Aug 1979 198 p refs 2 Vol 

(Contracts DEN3 42 EX 76 A 31 10261 

(NASA CR 159602 DOE/ NASA/0042 79/2 Vol 2 

BCS 40180 2 Revl Avail NTIS HC A09/MF A01 CSCL 

098 

Additions or revisions of components of the SIMWEST 
program are provided for insertion into the manual used with 
the UNIVAC 1 100 series computer A R H 

N79 33883*0 Boeing Computer Services Inc Seattle Wash 
Energy Technology Applications Div 

SIMWEST A SIMULATION MODEL FOR WIND AND 
PHOTOVOLTAIC ENERGY STORAGE SYSTEMS (CDC 
USER S MANUAL). VOLUME 1 Final Report 

A W Warren arid A W Esmger Aug 1979 486 p refs 

2 Vol 

(Contracts DEN3 42 EX 76 A 311 026) 

(NASA CR 159607 DOE/NASA/0042 79/3 Vo! 1 
6CS 40262 II Avail NTIS HCA2I/MFA01 CSCL 09B 
Procedures are given for using the SIMWEST program on 
CDC 6000 senes computers This expanded software package 
includes wind and/or photovoltaic systems utilizing any combine 
tion of five types of storage Ipumped hydro battery thermal 
flywheel and pneumatic! ARM 



NTS 33114 * | Bo*mg Computer Services Inc Seattle Wash 
Energy Technology Applications Div 

SIM WE ST A SIMULATION MOOEL FOR WIND AND 
PHOTOVOLTAIC ENERGY STORAGE SYSTEMS (COC 
PROGRAM DESCRIPTIONS). VOLUME 2 Fine! Report 

A W Warren. R W Edsmger and J D Burroughs Aug 1979 
247 p 2 Vol 

(Contracts DEN3 42 EX 76 A 31 10261 
(NASA CR 159608 DOE 'NASA/ 0042 79, * Vol 2 
BCS 40262 21 Avail NTIS HCA11/MFA01 CSCL 09B 
The computer programs for the COC version ol SIMWEST 
(1979 revision) aid described Macro flow charts and souice 
code listings for each maior program entity are presented A R H 
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64 NUMERICAL ANALYSIS 

Includes iteration, difference equations, and numerical 
approximation 


N79 28970*0 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

NUMBERS OF CENTER POINTS APPROPRIATE TO 
BLOCKED RESPONSE SURFACE EXPERIMENTS 

Artb:n li Holms 1979 34 p refs Presented at 139th Ann 

Meeting of the Am Statistical Assoc Washington D C 
13 16 Aug 1979 

(NASA TNI 79201 E 082) Avail NTIS HC A03/MF A01 CSCL 
12A 

Tables are given for the numbe's of center points to be 
used with blocked sequential designs of composite response 
surface experiments as used in empirical optimum seeking The 
stai point 'auii for exact orthogonal blocking is presented The 
center point options varied from a lower limit of one to an 
uppe' limit equal to the numbers proposed by Box and Hunter 
for approximate lotatabiiity and uniform variance and exact 
orthogonal blocking Some operating characteristics of the 
proposed options are described S E S 


A79-40494 * Acceleration of linear and logarithmic conver- 

gence D. A Smith and W F Ford (NASA, Lewis Research Center, 
Computer Services Div.. Cleveland. Ohio). SIAM Journal on Numer- 
ical Analysis vol, 16 Apr 1979, p. 223 240 39 rets Grant No. 
NsG-3160 

Eleven different methods for accelerating convergence of se- 
quences and series have been tested and compared on a wide range of 
test problems, including both linearly and logarithmically convergent 
series, monotone and alternating series. All bu’ one of these methods 
are already in the literature, and they include both linear and 
nonhnear methods. The only methods found to accelerate conver 
gence across the board were the u and v transforms of Levin and the 
theta algorithm of Breamski The paper gives detailed comparisons of 
all the t sted methods on the basis of number of correct digits in the 
answer is a function of number of terms of the series used. A 
theorem of Germain Bonne states that methods of a certain form 
which are exact on geometric -.eries will accelerate linear conver 
gence The theorem applies to theta sub 2, and we have extended >1 
to apply to Levin's transforms. No corresponding theorem is known 
for logarithmic convergence, but u, v. and theta are exact on certain 
large classes of logarithmic series, and all tested methods lacking this 
property faded to accelerate some logai ithmically convergent senes. 

(Author) 
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65 STATISTICS AND PROBABILITY 

Includes data sampling and smoothing Monte Carlo 
method and stochastic processes 


N7t 23736*| National Aeronautics and Space Administration 
Lewis Reseaich Center Qoveland Ohio 

MAXIMUM LIKELIHOOD ESTIMATION FOR LIFE DISTRI 
BUTIONS WITH COMPETING FAILURE ^ODES 

Steven M Sidik 1979 41 p refs ' ■ • presented at the 

Ann Meeting of the Am Statist Asso. Aashmgton D C 
1316 Aug 1979 

(NASA TM 79126 £ 99621 Avail NTIS HCA03/MFA01 
CSCL 14D 

Systems which are placed on test at time aero function for 
a period and die at some random time weie studied Failure 
may be due to one of several causes or modes The parameters 
of the life distribution may depend upon the levels of various 
stress variables the item is subiect to Maximum likelihood 
estimation methods are discussed Specific methods are reported 
for the smallest extreme value distributions of life Monte Carlo 
results indicate the methods to be promising Under appropriate 
conditions the location parameters are nearly unbatsed. the scale 
parameter is slight biased and the asymptotic covariances are 
rapidly approached S E S 


A79 49528 * » Maximum likelihood estimation for life distn 
buttons with competing failure modes S M Sidik (NASA Lewis 
Research Center. Cleveland. Ohiol American Statistical Association 
Annul Meeting 39th Washington. DC Aug 1336. 1979 Paper 
37 p 13 lets 

The general model tor the romoetng *j:l;. modes assuming 
that location paiameters foi each mode are expressible as linear 
functions of the stress vai 'allies and the failure modes act indepen- 
dently is presented The general form ot the I kelihuod function and 
the likelihood equations are derived lor the extreme value distrdxi 
tions. aid solving these equations using nonlinear least situates 
techniques provides an estimate ol the asymptotic covariance matnx 
ot the estimators Monte Carlo results indicate that, under appropri 
ale conditions, the location parameters are nearly unbiased, the scale 
pa ametei is slightly biased, and the asymptotic covariances are 
lapnflv appioached A T 


A79-49529 * Numbers of center points appropriate to 

blocked response surface experiments A G Holms (NASA Lewr 

Research Centei Cleveland Ohml Amencan Statistical Association 
Annual Meeting 139th Washington DC Aug 13 16 1979 Paper 
33 p 16 refs 

Tah'es are given *c>r the numbers ol center points to be used 
wuh blocned sequential designs of composite response suitace 
experiments a' used n empirical optimum seeking The tables also 
give the sta‘ point radi tor exact orthoqsinal bloik nq The center 
pomt options vary from a lower limit of one to an upper limit equal 
to the numbers proposed hv Box and Hunter for approximate 
rotatabildv and uniform variance and exac’ orthogonal blocking 
Some operating characteristics ot the proposed options are described 

(Author I 
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66 SYSTEMS ANALYSIS 

Includes mathematical modeling, network analysis and 
operations research 


N79 29930* f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

COMPUTERIZED SYSTEMS ANALYSIS AND OPTIMIZA 
TION OF AIRCRAFT ENGINE PERFORMANCE. WEIGHT. 
AND LIFE CYCLE COSTS 

Laurence H Fishbach 1979 22 p refs Presented at Flight 

Mech Panel Symp on the Use of Computers as a Design Tool 

Munich 3 6 Sep 1979 sponsored by AG AND 

INASA TM 79221 E 112) Avail NTIS HC A02/MF A01 CSCL 

12B 

The computational techniques utilited to determine the 
optimum propulsion systems for future aircraft applications and 
to identify system tiadeoffs and technology requirements are 
described The characteristics and use of the following computer 
codes are discussed (1) NNEP a very general cycle analysis 
code that can assemble an arbitrary matrix fans turbines ducts 
shafts etc into a complete gas turbine engine and compute 
on and off design thermodynamic performance 12) WATE a 
preliminary design procedure for calculating engine weight using 
the component cha actenstics determined by NNEP (31 POD 
DRG a table look up program to calculate wave and friction 
drag of nacelles 141 LIFCYC * computer code develoned tc 
calculate life cycle i-osts of engines b«»eu on the output fiom 
W.ATL ma tbl INSTAL a computer code developed to 
calculate installation effects inlet performance and inlet weight 
Examples are given to illustrate ho.v these computer techniques 
can be applied to analyte and optimte propulsion system fuel 
consumption weight and cost to' representative types of aircraft 
and missions J M S 
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70 PHYSICS (GENERAL) 

For geophysics see 46 Geophysics For astrophysics 
see 90 Astrophysics Foi solar physics see 92 Solar physics 


A79-50938 * Effects of bulk and surface conductivity on 

the potential developed by dielectrics exposed to electron beams. M 

Wotenberg (Systems. Science and Software. California. University. La 
Jolla, Calif.). M J. Mandell. and 0. E Parks (Systems, Science and 
Software. La Jolla, Calif.). Journal of Applied Physics, vol 50. Sept 
1979. p 5823 5825 7 refs. Contract No NAS321050 

The charging and discharging of a dielectric material which has 
bulk and surface conductivities is discussed Two model proo'ems are 
solved In the first problem, a semi infinite dielectric plane, attached 
to an infinite grounded conducting substrate and exposed to a 
rnonoenergetic electron beam is analyzed Bulk and surface conduc 
tivities and secondary emission characteristics are taken into account 
as parameters In the second problem the dielectnc is charged but the 
electron beam is shut off so only the bulk and surface conductivities 
enter the calculation The principal jit of the latter calculation is 
to show that steep tangential gradients develop in the presence of a 
surface conductivity during decay and that tor asymptotic times the 
temporal behavior for a fixed position, is proportional to the square 
root of t rather than exponential as expected in the presence of a 
bulk conductivity lAuthorl 
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71 ACOUSTICS 

Includes sound generation transmission and sttenua 
lion 

for noise pollution see 45 Environment Pollution 


N7I1N71' National Aaronautici and Spaca Administration 
Law it Research Cantar. Cleveland Ohio 

SOUNO SUPSRES9IIM STRUCTURE WITH THERMAL 

nun mm 

Dudlay 0 Nath IGE. Gncmnatil and Joaaph Hofowach. inventors 
(to NASA) laeued IS Aug 1978 6 p Filad 2 Jul 1978 

Sponaorad by NASA 

INASA Cata LEW 1 2858 1. US Patent 4,106.687, 

US-Patent Appl-SN 702116. US Patent Oaaa-181-213 
US-Patant-aaaa 181-222. US Patent daea 191 190. 

US- Patent data- 181 -293) Avail US Patent and Trademark 
Office CSCL 20A 

Sound suppressing structure compneing stacked acoustic 
panels wherein the inner high frequency panel is mounted for 
thermal expansion with respect to the outer low frequency panel 
is discussed Slip |Ointt eliminate the potential for thermal ttreeeet. 
and a thermal expansion gap between the panels provides for 
additional relative thermal growth while reducing heat convs^non 
into the low frequency panel 

Official Gazette of the U S Patant and Trademaik Office 


N79 16767* # National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FEASIBILITY OF WING SHIELDING OF THE AIRPLANE 
INTERIOR FROM THE SHOCK NOISE GENERATED BY 
SUPERSONIC TIP SPEED PROPELLERS 

James H Oittmar Dec 1978 25 p refs 

(NASA TM 79042 E 9845) Avail NTIS HC A02/MF A01 

CSCL 20A 

A high tip speed turbopiop is being considered as a future 
energy conservative airplane The high t>p speed of the propeller 
combined with the speed of the enplane lesults in supersonic 
relative flow on the propeMei tips These supersonic blade sections 
could gene'ate noise that is a cabin environment problem The 
feasibility of using wing shielding to lessen the impact of this 
supersonic propeller noise was investigated An analytical model 
is chosen which considers that shoo waves are associated with 
the propeller tip flow and indicates how they would be prevented 
from impinging on the airplane fuselage An example calculation 
is performed where a swept wing is used to shield the fuselage 
from significant portions of the propeller shock waves A R H 


N79 16769* F Nenonal Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

TONE NOISE OF THREE SUPERSONIC HELICAL TIP SPEED 
PROPELLERS IN A WIND TUNNEL AT 0 8 MACH NUM 
8ER 

James H Dittmar Bernard J Blaha and Robert J Jeracki Dec 
19 78 22 p refs 

(NASA TM 79040 E 98541 Aval NTIS HC A02/MF A01 
CSCL 20A 

Three supersonic helical tip speed propellers were tested in 
the NASA Lewis 8 by 6 foot wind tunnel Noise data were 
obtained while these propelle's wet operating at a simulated 
cru.se condition The walls of this tunnel we'e not acoustically 
treated and therefore this was not an ideal location for taking 
noise data but it was thought that the differences in noise 
among the three propellers would be meaningful The straight 
bladed propeller which did not incorporate sweep was the noisiest 
with the ae'Odynamically swept piopellei only slightly quieter 
However the acoustically swept piopellei was significantly quieter 
than the straight propellei theieby indicating the merit of this 
design technique Author 


N79 18799*1 National Aeronautics and Space Administration 
Lawis Rasearch Canter. Cleveland. Ohio 
OPTIMIZED MULTI SECTIONED ACOUSTIC LINERS 
Kenneth J Baumeister 1979 17 p refs Presented al the 

17th Aerospace Sci Meeting New Orleans 15 17 Jan 1979 
sponsored by AIAA 

(NASA TM 79028 E 9823) Avail NTIS HC A02/MF A01 
CSCL 20A 

New calculations show that segmenting is most efficient at 
high frequencies with relatively long duct lengths where the 
attenuation is low for both uniform and segmented liners 
Statistical considerations indicate little advantage in using 
optimized liners wth mors than two segments whiln the bandwidth 
of an optimized two segment liner is shown tu be nearly aqua 
to that of a uniform liner Multielement liner calculations show 
a large degradation :n performance due to changes n. assumed 
input modal structure Computer programs are used to generate 
theoretical attenuations for a number of liner configurations foi 
liners in a rectangular duct with no mean flow Overall the use 
of optimized multisecnoned liners fails to offer sufficient advantage 
over a uniform liner to warrant their use except m low frequency 
single mode application Author 


N79- 16788*(l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MODAL PROPAGATION ANGUS IN A CYLINDRICAL DUCT 
WITH FIOW AND THEIR RELATION TO SOUND RADIA 
TION 

Edward J Rice Marcus f Herdmann and Thomas G Sofrm 
( Pratt a d Whitney Aircraft East Hartford Conn I Jan 1979 
12 p ref*. Presented at 17th Aerospace Sci Meeting New 
Orleans La 15 17 Jan 1979 sponso-ed by AIAA 
(NASA TM 79030 E 98261 Avail NTIS HC A02/MF A01 
CSCL 20A 

The main emphasis is upon the propagation angle with respect 
to the duct axis and its relation to the far field acoustic radiation 
pattern When the steady flow Mach number is accounted for 
in the duct the propagation angle in the duct is shown to be 
coincident with the angle of the principal lobe of far field radiation 
obtained using the Wiener Hopf technique Different Mach 
numbers are allowed within the duct and m the external field 
For static tests with a steady flow in an inlet but with no 
external Mach number the far field radiation pattern is shifted 
considerably toward the inlet axis when compared to zero Mach 
number radiation theory As the external Mach number is increased 
Ihe noise radiation pattern is shifted a way from the inlet axis 
The theory is developed using approximations for sound 
propagation in circular ducts An exact analysis using Henkel 
function solutions for the zero Mach number case ts given to 
piovido a check of the simple' approximate theory Author 


N79 1 6644 * x National Aeronautics and Spare Administration 
Lewis Research Center Cleveland Ohio 

THREE DIMENSIONAL FINITE ELEMENT ELASTIC ANALV 
SIS OF A THERMALLY CYCLED SINGLE EDGE WEDGE 
GEOMETRY SPECIMEN 

Pete' T Buun Richard J Hill IAFAFL) Bruce P Guilliams Sandra 
K Drake IAFAPLI and Jeffrey L Kladden IAFAPL- Jan 1979 
53 p refs 

(NASA TM 79026 E 9861I Avail NTIS HCA04. MFA01 
CSCL 20A 

An elastic stress analysis was performed on a wedge specimen 
Ipnsmatic bar with single wedge cross sectionl subiected to 
thermal cycles in fluidized beds Seven differen* combinations 
consisting of three alloys (NASA TAZ 6 A 316 stamlesi steel 
and A 286) and four thermal cycling conditions we'e analyzed 
The analyses we'e performed as a pint effort of two laboratories 
using different models and computer programs iNASTRAN and 
IS03DQI Stress strain and temperature result* a'e presented 

Author 
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N79 16646'# National Aeronautics and Space Administration 
Lawit Reseach Center Cleveland Ohio 

FULL SCALE SNGINC TESTS OF SULK ABSORBER 
ACOUSTIC INLET TREATMENT 

l J HiMdelte'i g and l Homyak 1979 16 p refs Presetted 

at the 5th At* r oat ou sties Conf Seattle 12 14 Mar 1979 
sponsored by AIAA 

iNASA 1M 79079 C 98991 Avail NTIS HC A02/MF A01 
CSCL 20A 

Three different densities of Keviar bulk absorber fan inlet 
treatmen! were tested io i Yf 102 turbofan engine This bulk 
absorber material may have potential for flight application Farfield 
noise measurements were made and the attenuation properties 
of the three treatment densities were compared In addition the 
best bulk treatment was compared to the brat single degree of 
freedom SDOF i honeycomb and perform >d cover sheet! treatment 
from another investigation Although the density was varied over 
a large range (3 to 1) the effect on attenuation was small The 
highest density treatment 1 1 8 lb cook ft had a somewhat 
broader attenuation bandwid'.h The comparison of the best bulk 
and SDOF treatments showed the bulk to have a much greater 
aftc mahon bandwidth At the design frequency both types of 
treatment had almost equa 1 performance Author 


N79 19646*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MODAL PROPAGATION ANGLES IN DUCTS WITH SOFT 
WALLS AND THEIR CONNECTION WITH SUPPRESSOR 
PERFORMANCE 

Edward J Rice 1979 16 p refs F'resented at the 5th 

Aeroacoustics Conf Seattle 12 14 Mar 1979 sponsored by 
AIAA 

NASA TM 79081 i 9902) Avail NTIS HC A02 MF A01 
CSCl 20A 

The angles of propagation of the wave fronts associated 
with duct modes are derived for a cylindrical duct with soft 
walls (acoustic suppressors! and a uniform steady flow The angle 
of propagation with respect t( ihe radial coordinate (angle of 
incidence on the wall' is shown to be a better correlating parameter 
for the optimum wall impedance of spinning modes than the 
previously used mode cutoff ratio Both the angle of mcide" 
upon the dint wall and the propagation angle with respect to 
the duct asis are required to descr.Pe the attenuation of a 
propagating mode Using the modal propagation angles a 
geometric ato'ishts approach to suppressor acoustic performance 
was developed Results from this appiosimate method were 
compared to r*ail modal propagation calculations to r heck the 
accuracy of the app-onmale method The results are favorable 
efttept in the immediate vicinity of the modal optimum impedani e 
where the appiosimate method yields about one half of the etact 
maurnum attenuation Author 


N79 16647*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECTS OF INFLOW DISTORTION PROFILES ON FAN 
TONE NOISE CALCULATED USING A 3 D THEORY 

Hiroshi Kohayashi and John f Grooi.eweg 1979 18 p refs 

Presented at the 5th Aeroacoustics Com Seattle Wash 
12 '4 Ma 1979 sponsored by AIAA 

NASA TM 79082 E 99041 Avail NTIS HC A02 ME A01 

CSCL 20A 

Calculations of the fan tone acoustic power and modal 
structure generated by lompltt* distortions in anjl inflow velocity 
are presented The model used treats the motor as J rotating 
three dimensional cascade and calculates the acoustic field Com 
the distortion produced dipole distribution on the blades including 
noncornpai * sojti e e*fe ts Radial and circumferential distortion 
shapes a'r synthesized from Fourier Bessel omponents represen 
ling md vrtiuel distortion modes The relation between individual 
distortion mode*, and the generated acoustic modes i* examined 
for particular disrortion cases Comparisons betwoen theoretical 
and experimental *etults fo» distortions produced by wakes from 
upstream radial nxls show that 'he analysis s a good predictor 
of acoustic powe' dependence on disturbance strength Author 


N79 17UI*| National Aeronautics and Spaca Administration 
Lawn Research Center Cleveland. Ohio 

COMPUTATION OF ATMOSPHERIC ATTENUATION OF 
SOUND FOR FRACTIONAL OCTAVE BANOS 

Francis J Montegani Fab 1979 32 p refs 

INASA TP 1412, E 97631 Avail NTIS HC AO? MT A01 CSCL 

20A 

Correct methods of accounting for e'moephenc ettenuenon 
in band data requiring consideration of *’ie integrated affect across 
the bands of the specific distance involved are discussed Computet 
programs are provided that S'V understandable efficient and 
simple to use It .» hoped tha’ this will facildtte mors widespread 
use of correct computational methods especially where routine 
computer processing of data is employed J M S 


N79 20*14* F National Aeronautics and Spaca Administration 
Lewis Mesearch Center Cleveland Ohio 

EXPERIMENTAL STUDY OF COAXIAL NOZZLE EXHAUST 
NOISE 

Jack H Goodykoont* and James B Stone 1979 29 p refs 
Presented at Sth Aeroacoustics Conf Seattle Wash 12 14 Mai 
1979 sponsored by AIAA 

INASA TM 79090 E 99141 Aveil NTIS HC A03/MF A01 
CSCL 20A 

Experimental results are presented for static acoustic model 
tests of various geometrical configuianons ol coaxial no/tles 
operating over a range of Dow conditions The geometrical 
configurations consisted of noi/les with coplanar and non coplanar 
exit planes and various exhaust area ratios Primary and secondary 
noi/le flows were varied independently over a range of nojile 
pressure ratios fror.i 1 4 to 3 0 and gas temperatures from 280 
to 1100 K Acoustic data are presented for the conventional 
mode of coaxial nozzle operation as wall as for the inverted 
veloc ty profile mode Comparisons aie presented to show the 
effect ol configuration and flow changes on the acoustic 
characteristic s of the nozzles Author 


N7S 20S30** National Aeronautics arid Space Administration 
Lewis Research Canter Cleveland Ohio 

EFFECTS OF GEOMETRIC AND FLOW FIELD VARIABLES 
ON INVERTED VELOCITY PROFILE COAXIAL JET NOISE 

James R Slone (9 79 30 p refs Presented at the 5th 

Ae'oacoustics Conf Seattle 12 14 Mat 1979 sponsored by 
AIAA 

(NASA TV 79095 E99’9l Avail NTIS HC A03/MF A01 
CSCL 20A 

Relationships between the noise gerieiation characteristics 
and the flow field chaiacte istics for inverted velocity profile 
coaxial lets ate discussed Noise measurements were made at 
four different sideline distances in order to determine the 
apparent noise source locations and flow field chatactenstics 
determined horn iet plume pie sure, temperature surseys 
T hese 'elationships aie based on a publishod NASA Lews 
prediction model the basic assumptions of which are shown to 
be consistent with the experimental data reported herein 
linorovements to the noise prediction proceo jre on the ba*is of 
the p-esent study ate included which increase the accuracy of 
the high hequency noise prediction A R H 


N79 24770*x National Aeronautics and Space Admims'i xtion 
lewis Research Cente' Cleveland Ohio 

AN IMPROVED METHOD FOR PREDICTING THE EFFECTS 
OF FLIGHT ON JIT MIXING NOISE 

James R 5lone 1979 29 p 'els Presented ot the 97th 

Meeting of the Acoustic el Soi of A menca Cambridge Mass 
1 1 ’5 Jun 19 79 

NASA TV 19155 E OH Avail NTIS HC A02 MF A01 CSCL 

20A 

*he NASA method 1976' fni predicting the effects of flight 
nri jet no ny no*se was impulsed The ea'lie* method agreed 
easnnably we with experiments fight data fo' jet velocities 
up tu about 520 rr. sei appioximateiv '700 ft seci Tt e poo'ei 
agreement at high jet velocities appealed to be due pnmanly to 
the manner in which supe'sonic convection effects we'e 
formulated The puiely empmt al supe'sunK r onver t»nn tnim._(«* 
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of the eerfrer method wn replaced by on* baseo on theoretical 
cont>d9iat>ont Other improvements of an empirical nature 
included mere bated on model |*t/ free tet simulated Might teete 
The revreed prediction method it pietented and compared with 
experimental data obtained from the Berlin Aerotrain with a 
JB5 engine Ih* OC 10 enplane with JT9D engmet and the 
OC 9 airplane with refanned JT8D engines It it shown that the 
new method (greet better with the data base than a recently 
proposed SAE method A R H 


N7f 26840*4 National Aeronautic! end Space Administration 
Lawn Research Canter Cleveland Ohio 

TONE NOIM OF THREE SUPERSONIC HELICAL TIP SPEED 
PROPELLERS IN A WIND TUNNEL 

James H Dittmar Robert J Jerackr and Bernard J Blahe 1979 

66 p 'eft Presented et 97th Meeting of the Acoustical Soc 

of Am Cambridge Mass 1 1 15 Jun 1979 

(NASA TM 79167 E 0301 Avail NTIS HC A04/ME A01 CSCL 

20A 

Three supersonic helical tip speed propellers were tested in 
the NASA Lewis 8 by 6 loot wind tunnel This is a perforated wall 
wind tunnel but it doe* not have acoustic damping material on 
its walls The propellers were tested at tunnel through flow Mach 
numbers of 06 07 0 75 08 and 0 85 with different rotational 
speeds and blade setting angles The three propellers whtch 
had approximately She same aerodynamic performance incorpor 
ated different plan forms and different amounts of sweep and 
yielded different near field noise levels The acoustically designed 
propeller had 45 deg of tip sweep and was significantly quieter 
at M 0B cruise than the straight bladed propeller The 
'iitermediate 30 deg tip sweep propellei which was swept foi 
aerodynamic purposes exhibited noise that was between the 
other two propellers Noise trends with varying helical tip Mach 
number and biode loading were also observed Author 


N79 26841*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ASSESSMENT AT FULL SCALE OF NOZZLE WIND 
GEOMETRY EFFECTS ON OTW AERO ACOUSTIC CHARAC 
TF JUSTICE 

0 Groesbeck and U vonGlahn 1979 31 p refs 

INASA TM 79168 E 031! Avail NTIS HC A0u MF A01 CSCL 

20A 

The effects on acoustic characteristics of nozzle type and 
location on a wing for ST0L engine over the wing configurations 
are assessed at full scale on the basis of model scale data 
Three types of nozzle configurations are evaluated a circular 
nozzle with external deflector mounted above the wing a slot 
nozzle with external deflector mounted on the wing and a slot 
nozzle mounted on the winy Nozzle exhaust plane locations 
with rospect to the wing leading edge are varied from 10 to 
46 percen* choid tflaps redacted! with flap angles of 20 (takeoff 
altitude! and 60 'approach atl'tudel Perceived noise levels |PNL> 
ere calculated as a function of flyover d'stance at 152 m altitude 
from these plots static EPNL values defined as flyover relative 
noise levels are calculated and plotted as a function of lift and 
thrust ratios From such plots the acoustic benefits attubutable 
to variations in nozzle deflector wing geometry at full scale are 
assessed lot equal ae-odynamn performance Author 


N79 27930* a National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

TRAILING EDGE NOISE DATA WITH COMPARISON TO 
THEORY 

W Oise" and D Boldman '979 30 p refs Presented at 

1 2th Fluid and Plasma Dynamics Conf Ailliamsbu'g Va 
23 25 Jul 1979 sponsniel by AlAA 

NASA TM 79208 l 09J AlAA 79 15.41 Avail h TIS 
MC *03 MF 401 CSCL 20A 

The noise emission generated by the passage of a turbulent 
eiretream over the Perhng edge of a semt infinite plate was 
measured ove' a large w of airsf'eam veloc dy anq plate 

geometry The experrme designed to validate trailing 

edge nq.se theones The results show that the pez.x of the radiation 


pattern moves From an upstream to a downstream direction as 
the velocity increases The meesured radiation pattern of the 
noise wes in excellent agreement with that predicted by the 
recent theory of Goldsta r! As predicted the pattern shape was 
independent of the nature of the turbulence producing the 
noise A uthor 


N7B-31002*# National Aeronautics and Space Administration 
Lew', 'itearc" Canter Cleveland Ohio 

OlilRERRION OF BOUND IN A COMBUSTION DUCT BY 
FUEL DROPLETS AND BOOT PARTICLES 

J H Miles and 0 D Raftopoulot (Toledo Unrv Ohio) 1979 

29 p refs Presented at 98th M acting of the Acoustical Soc 

of Am Salt Lake City 26 30 Nov 1979 

(NASA TM 79236 E 142) Avail NTIS HC A03/MF A01 CSCL 

20A 

Dispersion and attanuation of acoustic plane wave disturb 
ances propagating in a ducted combustion system are studied 
The dispersion and attenuation are caused by fuel droplet and 
soot amissions from a tet engine combustor The attenuation 
and dispersion are due to hast transfer and mast transfer and 
viscous drag forces between the emissions and the amlHont 
gas Theoretical calculations show sound propagation at speeds 
below the isenttopic speed of sound at low frequencies 
Experimental results are in good agreement with the theory 

Author 


A79 19581 * » Optimized multisect toned acouitic liners. K J. 

flaume'iter (NASA, Lewis Research Center. Cleveland. Ohio) Amen 
ran Institute of Aeronautics and Astronautics Aerospace Sciences 
Mseting 17th, Hew Orleans La. Jan. 15 17 1979 Paper 79 0182 
10 p 24 refs 

A critical examination is presented of the use of optimized 
axially segmented acoustic liners to increase the attenuation of a 
liner N.*>> calculations show that segmenting is most efficient at high 
frequencies wi'n relatively long duct lengths where the attenuation is 
low for both un.tcrm and segmented liners Statistical considerations 
indicate little advantage in using optimized liners with more than two 
segments while ths bandwidth of an optimized two segment liner is 
shown to be nearly equal to ’bat of a uniform liner Mulnelement 
liner calculations show a large degradation in performance due to 
changes in assumed input modal shuctui* Finally, in utdei to 
substantiate previous and future analytical results, in house (finite 
difference) and contractor (mode matching! programs are sed to 
generate theoretical attenuations fur a number of liner configi rations 
for briers in a rectangular duct with no mean flow Overall, the use of 
optimized mult 'sectioned lineis (sometimes called phased Imers) tails 
to offer sufficient advantage over a uniform liner to warrant iheir use 
except «n low frequency single mode appl'cahon (Author) 


A 79 19682 * * Moria' propagat ion angles in a cylindrical duct 

with flow and thair relation to sound radiation E J Rice. V F 
He.dmann (NASA Lewis Research Center, Cleveland, Ohm), and T 
G Scfrin (United Technologies Corp . Pratt and Whitney AircnM 
Group. East Ha'fford Conn I American Institute of Aeronautic* and 
Attronsutici Aerospace Scene e* Meeting, 17th New Orleans La 
Jan 15 17, 1979 Paper 79 0183 II p 19 rets 

The angles o* propagation for the wave front making up a duct 
mode are presented w.th the Mach numtier in the duct Appro* mate 
equation* are ri* rived to provide simple utilitarian expressions These 
'»P'esi'ons are val'd only near the outer wall wh.ch is the most 
mportant region smee the bulk of the acoustic intensity is located 
there Exact solutions us>ng Hankel functions are given in an 
at>pend'* These data corroborate the approximate solution zzc*j> m. y 
n#a* the oute* waM The *x a' propagation angle n used to infer 
• nforrnat'on aixxit the far field radiaron pat’ern The resultant axal 
ang'e of P'opagation in the rkict s shown to agree exactly with thr 
peak of the principal 'obe to fa' held rad at*on obta^eri from formal 
•arlation r aiculat oris when the Mach number >s un form c very where 
The obtained solution is extended to cover the case of deferent 
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Mach number* inside and outside the duct for which exact 
calculation* have not been available for engine inlet configuration* 

GR 


A79 75946 * Numerical ipatiai marching technique* in duel 

acoustic* K. J. Baumeister (NASA. Lawn Retearch Center, Cleve 
land, Ohio) Acoutttcal Society cf America. Journal, vol 65. Fab. 
1979, p. 297 306. 23 retv 

Dired calculation of the internal itrudure of a ductad none 
lource from farfietd pretture measurement* it regarded a* an initial 
value problem, where the pretture and pressure gradient (farfield 
impedance) are assumed to be known along a line m the farfield. If 
pretture and impedance are known at the boundary of the farfield, 
the pretture can be uniquely deterrrined in the vicinity of the inlet 
and inside the inlet ducting. A marching procedure is developed 
which, with this information obtained from measurements, enables a 
description of a ducted noise source. The technique uses a finite 
difference representation of the homogeneous Helmholtz equation. 

P.T.H. 


A 79 26880 * » Modal propagation angle* in ducts with toft 

wells and their connection with tupprpstor performance E J Rice 

(NASA Lewis Research Center Acoustics Section, Cleveland. Ohio) 
American ln,titute ol Aeruiv firs and Attronautici Aeroacoul’icl 
Conference 5 th Seattle Wash Mar 12 14 1019 Paper 79-0624 
tOp 8 refs 

The angles of propagation of the wave t'onts associated with 
duct modes are derived for a cylindrical duct with soft walls 
lacoustic suppressors! and a uniform steady flow The angle uf 
propagation with respect to the radial coordinate (angle of incidence 
on the walll is shown to lie a liettei correlating parameter for the 
optimum wall impedance of spinning modes than the previously used 
mode cutoff ratio Both the angle ' ncidence upon the duct wall 
and the propagation angle with regie* r : th duel axis are required 

to describe the attenuation ol a propagating mode Using the modal 
propagation angles a geometric acoustics approach to suppressor 
acoustic performance was developed Result* from this approximate 
method wen- compared to exact modal propagation calculations to 
check the accuracy >f the approximate method The results are 
favorable rxcepl in the immediate vicinity of the mudal optimum 
impedance where the approximate method yields about one halt of 
the exact maximum attenuation (Author) 


A79 26911 • » Effects of inflow distortion profiles on fan 
tone noise calculated using a 3 0 theory H Kobayshi (NASA Lewis 
Research Center Cleveland Ohio. National Aerospace Laboratory. 
Tokyo. Japanl and j F Groeneweg (NASA, Lewis Research Carder, 
Turbomachinery Noise Section. Cleveland. Ohio). American Inttitute 
of Aeronauts * and Astronautici, Aeroacoustics Conference 5th 
Seattle Wadi.. Mar. 12 14 1979 Paper 79 0577 11 p 12 refs 

Calculation* of the fan tone acoustic power and modal structure 
generated by complex distortions in anal inflow velocity are 
presented The model used treats the rotor as a rotating three- 
dimensional cascade and cai-'ulates the acoustic field from the 
distortion produced dioole distribution un th* blades including 
noncompec’ source effects Radial and circumferential distortion 
shapes are synthesized from Fourier Bessel components representing 
individual dislortion modes The relation between individual distor 
lion modes and the generated acoustic modes is examined for 
particular distortion cases Comparisons between theoretical and 
experimental result* tor distortions produced by wakes from 
upstream radial rods show that the analvtis •« ; guuu predictor of 
acsust-c power dependence on disturbance strength (Author! 


A79 2M63 * » Experimental study of coaxial nozzle exheirtt 

none J. H Goodvknontz and J. R Stone (NASA. Lewis Retearch 
Canter, Jet Acoustic* Branch. Cleveland. Ohio) American Inttitute 
of Aeronaut ict and Attronautici. Aeroacouttici Conference. 5tti, 
Seattle Wad).. Mar. 12 14. 1979. Paper 790631 29p11 rah. 

Experimental result* are presented for static acoustic modal 
tests of various geometrical configuration* of coaxial nozzles operat 
ing over a range of flow condition* The geometrical configuration* 
consisted of nozzle* with coplaner and non coplaner exit plane* and 
various vxhault area ratios. Primary and secondary nozzle flow* were 
varied independently over a range of nozzle pressure ratio* from 1.4 
to 3.0 and gas temperatures from 280 to 1100 K Acoustic data are 
presented for tlse conventional mode of coaxial nozzle operation as 
well as for the inverted velocity profile mod* Comparisons are 
presented to show the effect of configuration and flow changes on 
the acoustic characteristics of the nozzles. (Author) 


A 79 321 2t • a Effects of geometric and flow-field varxbtaa 

on irnrartad-vetoclty-profiit coaxial |*t noise and source distribution* 

J R. Stone, J. H Goodykoontr, and 0 A Gutierrez (NASA, Lewis 
Research Center. Jet Acoustics Branch. Cleveland. Ohio) American 
Inetrtute oJ Aeronaut ret and Attronautici. Aeroacouttici Conference. 
5th. Seattle Wash Mar 12 14. 1979. Paper 790635 27 p 18 refs 
This paper presents relationship* between th* noise generation 
characteristics and the flow-field characteristics for inverted velocity 
profile coaxial lets Noise measurement* were made at four different 
sideline distances in order to determine th* appjrent noise source 
locations, and flow field characteristics were determined from |et 
plume pressure /temperature surveys These rstatonships are based on 
a published NASA Lewis prediction model, the basic assumptions of 
which are shown to be consistent with the experimental data 
reported herein Improvements to the noise prediction procedure, on 
the basis of the present study, are included, which increase the 
accuracy of the high frequency noise prediction (Author) 


A79 39801 * » Ton* noise o' three supersonic helical tip 

speed propellers in a wind tunnel J H D nt mar. R J Jnacki, and B 
J Bljhj (NASA Li-wis Research Center. Cleveland. Ohio) Acoudi 
cal Society ol America. Meeting. 97th. Cambridge. Maa . June 
11 15. 1979 Paper 62 p 7 refs 

Three eight bladed supersonic helical tip speed propellers were 
tester! in the NASA Lewis W-nd Tunnel at through flow Mach 
numbers of 0 6. 0 7 . 0 75 0 5, jnd 0 85 Such propellers are being 
considered as propulsors for a future energy conservative aircraft 
The three propellers of equal performance, incorporate different plan 
forms and different amounts of sweep in order to investigate their 
noise generation, which could cause a cabin environment problem 
The acoustically designed piupellei SR 3 had 45 deg of tip sweep and 
was signdic antly quieter at Mach 0 8 cruise than the straight bladed 
propeller. SR 2 An intermediate 30 deg lip sweep piopeller, SR 1m 
exhibiir-J a noise level between tl.e other two Enhanced pressure 
tin-.- traces indicated that SR 2 arid SR tm exhibited shock like 
pressure traces al Math 0 8 cruise while the SR 3 did not Noise 
trends with varying helical Tip Mach number and blade loading were 
also observed, M £ R 


A79 39802* * Assessment at full scale of nozzle/wing yeo' .e 

try effects on OTW aeroacoustc characteristics D Groesheck v d U 
von Gijhn INASA Lewis Research Center. Cleveland, Ohrol 
Aconite el Sprier y of America. Meeting 97th Camt' - • re. Maa 
June 1 1 75 f 979 Paper 29 p 5 rets 

The effects on acoustic cha'ar tenstics oi nozzle type and 
location un a wtnq for STOl «ngi nr over the wi-iq confugjratrons are 
assesses! at toll scare on the basis u 1 model scale data Three types of 
nuzzle ronhguialio is are evaluated a c.'Cula' nozzle with external 
dr* let to. mounted above the wing, a slot ooz/le with external 
defies tor mutinied on the s*ng and a slot nozzle mounted on the 
w --g No/zh * "haust plane lei- jttons with respect to the w*ng leading 
etlgc aie varied bom 10 to 4b percent chord Hlaps retracted) wt’h 
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flip snqle* o' A) deo (tike-off attitude) and 60 deg {approach 
attitude) Perceived none levels (PNL) a ie calculated as r (unction of 
flyover distance at 162 m altitude from these plots, static EPNL 
values, defined as flyover relative noise levels, are calculated and 
plotted as a function of lid and thrust ratios From such plots the 
acoustic benefits attnbutable to variations in no/rle/deflector/wing 
geo met' v at full scale are assessed for equal aerodynamic perfor 
mance. (Authoi) 


A79 39803 * » An improved method for predicting the effects 

of flight on |et mining noise J R Stone (NA'jA, Lewis Resraich 

Center Cleveland. Ohio) Acoustical Society if America. Meeting. 
97th. Camhrntqe, Maa . June 1 1 IS. 19/9. Pater 76 p 20 iefs 

A method for predicting the effects of flight on |et mining noise 
has been developed on the basis ol the |et noise th jry of 
F (owes Williams (19631 and data deived from model |et/frpe |et 
simulated flight tests Predicted anu caper imental values et com 
pared for the J85 tuiboiet enp.ne on the Berlin Ae’otrain. tli# 
low bypass relanned .IT 80 engine on a DC 8 and the high bypass 
JT90 engine on a DC 10 Ovei the |et Velocity range Irom 280 to 
680 m/sec the predictions show a st'.idard devie* on of I 5 dB 

J MB 


A79 39975 * Loudness of steady sounds A new theory. W 

L. Howas (NASA, Lewis Research Canter, Cleveland. Ohiol 
Acuities, vol 41. no b. 1979. p 277 320 87 iefs 

A new mathematical theory for calculating the loudness ol 
steady sounds from power summat on and frequency interaction, 
based on psychoacoustic and physiological information, assuems that 
loudness is a sub|active measure of the electrical energy transmitted 
along the auditory nerve to th? central nervous system The auditory 
svstem consists of the mechanical part modeled by e bandpass filter 
with a Pansier function dependent on the sound pressure and the 
electrical part where the signal is transformed into a hall wave 
reproduction represented by the elertrical power in impulsive 
discharges transmitted along neurons composing the auditoiy nerve 
In the electrical imii the neurons are distributed among artificial 
parallel channels with frequency bandwidth* equal tu ’critical 
tundwidths for loudness , within which loudness is constant toi 
constant sound pressure The total energy transmitted to the central 
nervous system is the sum of the energy transmitted in all channels, 
and the loudness is proportional to the square root ol the total 
filtered sound energy distnbuted over all channels. The theory 
•'■plains many psychoacoustic phenomena such as audible beats 
resulting from closely spaces) tones, mteiaction of sound stimuli 
which affect the same neurons affecting loudness, ansi of individually 
subliminal sounds becommq audible if they lie Within the same 
critical band AT 


A79 46707 * » A statistical theory of sound radiation from a 

two dimensional lined duct V C Cho (NASA Lewis Research 
Centet, Cleveland Ohio Joint Institute for Advancement of Flight 
Sciences Hampton Va l ansi W R Watson (NASA Langley 
Research Car ter Hampton Va 1 Ameruan Institute of Aenjnauhci 
snd Astronautics Fluid and Plasma Dynamics Conference 12th 
Williamsburg Va July 23 26 1979 Paper 19 1521 Sp 7 rets 

A statistical theory coupled With a finite element thau'v is 
employed toi investigation of sound ladiation from a two 
dimensional lined duct The analysis dors not utilize due modes and 
can be applied to a 'son uniform duct wth variable wall Imer 
properties Mume'ica! 'esultt are presented for va' out shapes of the 
incident wave The results are in good agreement with the Wiener 
Hopf calculation for cases where the latter ca r he made (Author I 


A79-47340 * * Trailing edge noise data Hits comparison to 

theory. W Olsen and D Boldman (NASA, Lews Research Center, 
Cleveland. Ohio! American Institute of Aeronautics am. Astronau 
tics. Fluid and Plasma Dynamics Conference 12th Williamsburg. 
Va . July 23 25. 1979 Paper 79 1524 28 p 20 refs 

The noise emission generated by the passage of a turbulent 
airntream over the trailing edge of a samnnfinite plate was measured 
over a latg* range of airsbeem velocity and plate geometry The 
experiment was designed to validate bailing edge noise theories T he 
results show that ths peak of a radiation pattern moves from an 
upttraam to a downstream direction at th# velocity increases The 
measured radiation pattern of the none was in ag-eement with that 
predicted by a recent fundamental theory for leading and trailing 
edge noise Although large changes in the character of the turbulent 
flow near the (railing edge effect the level and spectra of bailing edge 
noise, the shape of the pattern is still accurately predicted by this 
theory V T 


N79 10R43** Lockheed Georgia Co Marietta 

OUCT WALL IMPEDANCE CONTROL AS AN ADVANCED 
CONCEPT PON ACOUSTIC EUPPRE8SION ENHANCEMENT 
Final R apart 

Peter D Dear. Oct 1978 115 p <efs 

I Contract NAS3 700711 

' NASA CP H-9425 LG78FR0243I Avail NTIS 

MC ACS.'MF A01 CSCl 20A 

A systems concept procedure is described for th# optimization 
of acoustic duct finer design for both uniform and mulfiaogmen* 
types The concept was implemented by the us# o' a dnnole 
reverberant chamber flow duct facility coupled with sophisticated 
computer control and acoustic analysis system'. The optimization 
procedure for liner insertion loss wav barud on the concept of 
vinable liner impedance produced bv bias an flow through a 
multilayer resonant cavity Imer A multiple microphone technique 
for in edu wall impudence measurements was used and 
successfully adapted to produce automated measurements for 
all Imer configurations .ested The complete validation of the 
systems concept w .. prevented by the inability to optimize ti e 
insertion loss using bias flow induced wall impedance changes 
This inability appeared to be a direct lunchon of th# presence 
of a higher order energy carrying modes which were not influenced 
significantly by the wall impedance changes A R H 


N79 1497J*# Lockheed Georgia Co Marietta 

THE FREE JET AS A SIMULATOR OF FORWARO VELOCITY 
EFFECTS ON JET NOISE Final Regext 

K K Ahuia 6 J Taatar and H K Tanna Oct 1978 324 p 

rats 

(Contract NAS3 200501 

(NASA CR 3060 LG7EIR0065I Avail NTIS 

HC A14/MF A01 CSCL 20A 

A thorough theoretical and aspanmantai study of tha affects 
of the free ret shear layer on the transmission of sound from a 
model ret pieced wrtnm the free tet to the far field .ecenrer 
located outside the free ret flow was conducted The validity 
and accuracy of the tree |et flight simulation 'ochnique foi forward 
velocity effects on iet noise wic evaluated Transformation cherts 
and a systematic computat onal procedure to' converting 
measurements (ton - , a baa re. simulation to tha corresponding 
results from • wind tunnel srm, .st»n end finally fo the flight 
case were o'ovided The effects of simulated forward flight on 
ret mixing noise intomel noise and shock associated noise from 
model scale unhealed and healed rets wen established axper>men 
tally m a free ret facility It was illustrated that the existing 
anomalies between full scale flight data and model scats flight 
simulation data protected to the flight case could well be due 
to the contamination of flight data by angina internal noise 

Author 
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N7B-14S7B*||I General Electric Co . Schenectady. N Y Corporate 
Research and Development 

BASIC RESEARCH IN FAN SOURCE NOISE: INLET 

DISTORTION AND TURBULENCE NOISE Final Report. 

IS Sap 1S7S - IS Apr 1B7S 

R A Kantola and R E Warren Dec 1978 161 p refs 
(Contract NAS3 17853) 

(NASA CR 159451 SRD /8 1861 Avail NTIS 

HC A08/MF A01 CSCL 20A 

A widely recognized problem in jet engine fan noise is the 
discrepancy between inflight and static tests This discrepancy 
consists of blade passing frequency tones caused by ingested 
turbulence that appear in the static tests but not in flight To 
reduce the ingested distortions and turbulence in an anechoic 
chamber a reverse cone inlet is used to guide the air into the 
fan This inlet also has provisions for boundary layer suction 
and is used in conjunction with a 'urbulence control structure 
iTCSI to condition the air impinging on the fan The program 
was very successful tn reducing the ingested turbulence, to the 
point where reductions in the acoustic power at blade passing 
frequency ere as high as 18 db for subsonic tip speeds Even 
with this large subsonic tone suppression the supersonic tip 
'peed tonal content remains largely unchanged, indicating that 
the TCS did not appreciably attenuate the noise but effects the 
generation via turbulence reduction Turbulence mapping of the 
inlet confirmed that the tone reductions are due to a reduction 
in turbulence as the <ow frequency power spectra of the 
streamwise and transverse turbulence were reduced by up to 
ten times and 100 times respectively F 0 S 


N79-17666*||l General Electric Co Cincinnati Ohio Airrrjn 
Engine Group 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM. 
PHASE 3 NOISE MEASUREMENT ADDENDUM 

Final Report 

V t Doyle Dec 1978 139 p refs 

(Contract NAS3 137361 

(NASA CR 153456 R78AEG319! Avail NTIS 

HC A07/MF A01 CSCL 20A 

The acoustic characteristics of the double annular combustor 
in a CF6 50 high bypass tu'bofan engine were investigated 
Internal "uctuating pressure measurements were made in the 
combust egion and in the core exhaust The transmission 
lose a n' the turbine and nozzle was determined fro n ihe 
mr emer ts and compared to previous component result . and 
pr, i theory The primary noise source location in the comt ustor 
was mve>.igated Spectral comparisons ot test rig results were 
made wth :hf engine results The measured overall po>.ei level 
was compared with component and engine correlating parame- 
ters A R H 


N 79 25846* # Virginia Polyechnic Inst and State Umv 
Blacksburg 

AN ANALYTICAL AND EXPERIMENTAL STUDY OF SOUND 
PROPAGATION AND ATTENUATION IN VARIABLE AREA 
DUCTS Final Report 

A H Nayf- i J r Kaiser R L Marshall, and L J Hurst Oct 
’"73 u4 [> re*s 
(Contract NAS3 185531 

INASA CR 1353921 Avail NTIS HC A07, IMF AU1 CSCL 
20A 

The performance of sound suppression techniques in ducts 
that produce refraction effects due to axial velocitv •> adiem. 
was evaluated A computer code based on the methoo t multiple 
scales was used to calculate the influence of anal variations 
due to slow changes m the cross sectional area as well as 
transverse gradients due to the wall boundary layers An attempt 
was made tc verify the analytical model tnrough direc' comparison 
of expet mental and umputaiional results ana the analytical 
delmmination of the influence of axial gradients on optimum 
liner p-opedies However the analytical studies we" u.iaole to 
examine the mfuence of non parallel Oud« pu me optimjm linear 
conditions For liner properties . or close to optimum Pie analytical 
pre H :'.ions and the experimental meas iiemei'.ts were compered 
The circumferential variations of prtssure amplitudes and phases 
at several a.ial positions were examined in straight and 
variable area ducts hard wall and lined sections with and w thout 


a mean flow Reasonable agreement between the theoretical 
arid eapenmental results was obtained A R H 


N 79 26884 *0 General Electric Co. Cincinnati Ohio Aircraft 
Engine Group 

ACOUSTIC AND AERODYNAMIC PERFORMANCE INVES 
TIQATION OF INVERTED VELOCITY PROFILE COANNULAR 
PLUG NOZZLES. COMPREHENSIVE OATA REPORT. 
VOLUME 1 Final Report 

P R Knott J T Blozy end P S Staid May 1979 713 p 

3 Vol 

(Contract NAS3- 19777) 

(NASA CR 159575-Vol 1 R79AEG166 Vol-1) Avail NTIS 

HC A99, MF A01 CSCL 20A 

Volume 1 of a three volume report is presented Volume 1 
contains a description of the acoustic configurations test facilities 
data reduction techniques test conditions, and detailed test results 
from the hot. static acoustic tests G Y 


N79 26886" * G-mmal Electric Co Cincinnati Ohio Aircraft 
Engine Grc “P 

ACOUSTIC AND AERODYNAMIC PERFORMANCE INVES 
TIQATION OF INVERTED VELOCITY PROFILE COANNULAR 
PLUG NOZZLES. COMPREHENSIVE OATA REPORT. 
VOLUME C Final Report 

P R Knott J T Blozy and P S Staid May 1979 523 p 

3 Vol 

(Contract NASG 19777) 

(NASA CR 159575 Vol 2 R79AEG166 Vol-2) Avail NTIS 

HC A22/MF A01 CSCL 20A 

Volume 2 of a three volume report is presented Volume 2 
presents acoustic data comparisons in graphic form G Y 


N79 26486‘jy General Electric Co Cincinnati Ohio Aircraft 
Engine Group 

ACOUSTIC AND AERODYNAMIC PERFORMANCE INVES 
TIGATION OF INVERTED VELOCITY PROFILE COANNULAR 
PLUG NOZZLES. COMPREHENSIVE DATA REPORT. 
VOLUME 3 Final Report 

P R Knott J T Blozy and p S Staid May 1979 291 p 

3 Vol 

(Contrast NAS3 197771 

(NASA CR 159575 Vol 3 R79AEG166 Vol 31 Avail NTiS 

HC A 1 3/NiF A01 CSCL 20A 

Volume 3 of a three volume report is presented Volume Z 
contains the detailed aeiodyncmic test results plus the conceot 
screening and model design report G Y 


N79 27933*0 Lockheed Georgia Co Manetta 

STUDIES OF THE ACOUSTIC TRANSMISSION CHARAC 
TERISTICS OF COAX.AL NOZZLFS WITH INVERTED 
VELOCITY PROFILES COMPREHENSIVE DATA REPORT 
Final Report 

° D er i M Salikuddm K K Ahuia H E Plumblee. and P 
Munyur May 1979 182 o "f 
iContraci NAS3 20797i 

(NASA CR 1596281 Avail NTIS KC A09/MF A01 CSCL 
20A 

T he efficiency ot internal noise ndiat.on through a coanrvjtei 
exhev st nozzle with an inveried velocity profile studied A 
prelm nary investigation was first undertaken ID to define the 
test par.imeters which influence the internal noise radiation 
1 2 ) to develop a test methodology which could realistically be 
u sed lu er-wnirie the effects bf the test parameters end 13) to 
validate his r ethodology The result was the choice of an acoustr 
impulse as the internal noitv source in the jet nozzles Noire 
•ransmisrion cha actensfcs of a coannular nozzle system weis 
then mvtstigateo In particular the effects of ten convergence 
angle co e extension length to annulus height ratio and flow 
Mach nur ibers and temperatures wart studied Relevant spectral 
data only i$ presented m the form of normalized nozzle transfer 
function vnrsus none* mensional frequency A R H 
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N7*32064*f Harsh Acoustical Engineering Chatswodh Calif 

EFFECT OF GRAZING FLOW ON THE ACOUSTIC IMPED 
ANCE OP HELMHOLTZ RESONATORS CONSISTING OF 
SINGLE AND CLUSTERED ORIFICES F.nal Report 

Alan S Hersch and Bruca Walker Aug 1979 183 p refs 
(Contract NASI- 197451 

INASA-CR-31771 Avail NTIS HC A09/MF A01 CSCL 20A 
A semiempirical fluid mechanical modal is derived for the 
acoustic behavior of thin-walled single orifice Helmholtz resonators 
in a grezing flow environment The incident and cavity sound 
fietds are connected in terms of an orifice discharge coefficient 
whose values are determined experimentally using the two 
microphone method Measurements show that at high grating 
flow speeds acoustical resistance is almost linearly proportional 
to the grazing flow speed and almost independent of incident 
sound pressure The corresponding values of reactance are much 
smaller and tend towards zero For thicker walled orifice plates 
resistance and reactance were observed to be less sensitive to 
grazing flow as the ratio of plate thickness to orifice diameter 
increased Loud tones were observed to radiate from a single 
orifice Helmholtz resonator due to interaction between the grazing 
flow shear layer and the resonator cavity Measurements 
snowed that the tones radiated at a Strouhal number equal to 
0 26 The effects of grazing flow on the impedance of Helmholtz 
resonators consisting of clusters of orifices was also studied In 
general, both resistance and reaction were found to be virtually 
independent of orifice relative spacing and number These 
findings are valid with and without grazing flow Author 


A79-26890 • « An impulse test technique with application to 

acoustic measurements. M. Salikuddin, P 0 Dean. H E Plumblee, 
Jr., and K. K Ahuja (Lockheed Georgia Co.. Marietta, Ga.I. 
American Institute of Aeronautics ana Astronautics. Aeroacousvcs 
Conference. 5th, Seattle Wash. Mar 12 14, 1979. Paper 790675. 
12 p. 13 refs. Research sponsoied by the Lockheed Independent 
Research and Development Program, Contract. No NAS3-20797. 

A method has been presented for measuring the acoustic 
properties of an absorbent material and a duct/nozzle system (with 
or without airflow) usirg a high voltage spark discharge as an impulse 
source of sound. The cross spectra of the incident reflected and 
transmitted acoustic pressure transients are analyzed by way of a 
FFT digital processor in the form of complex tr? isfer functions 
These transfer functions have a direct relationship io the termination 
impedance and radiation directivity The impulse method has been 
justified by comparisons, with data obtained from MSting methods 
(both experimental and theoretical), that show excellent agreement 
Reflection coefficients and radiation impedances of various duct 
nozz'e systems and their associated far-field directivities are also 
presented as some of the applications of the impulse technique. 

(Author) 


A79 26910 * « Acoustic behavior of a fibrous bulk material 

A. S. Hersh and B Walker (Hersh Acoustical Engineering, Chats 
worth, Calif ) American Institute of Aeronautics anu Astronautics. 
Aeroacoustics Conference. 5th, Seat tie. Wash Mar 1214. 1979 
Paper 790599 11 p. Contract No NASJ-1S745 

A semiempincal model is presented describing the acoustic 
behavior of Kevlar 29, . bulk absorbing material The model is based 
on an approximate solution to the one-dimensional equations 
representing conservation of fluctuating ma >, momentum and 
energy. Bv treating the material as a momentum sink, theoretical 
expressions of the material complex piopagation constants and 
characteristic impedance were derived in terms ol a single constant. 
E<-sluatug the constant a* a single frequency foi a particulai 
specimen, excel’ent agreement between prediction anu measurer - , etu 
was achieve * for a large range of sound frequencies and material 
porosities an thicknesses desuits show that Kevlar 29 absorbs 
sound efficiently even at low "requenctes This is explained in terms 
of a frequency dependent material phase speed (Author) 


A79- 28923 * » Noise from struts and splitte.s in turbofan exit 
ducts M R. Fink (United Technologies Research Center, East Hart 
ford. Conn.). American Institute of Aeronautics and Astronautics. 
Aeroacoustics Conference. 5th. Seattle. Wash . Mar 12-14, 1979. 
Paper 79-0637 10 p. 13 refs. Contract No. NAS3 17863 

An analytical method for calculating noise radiation from iso 
lated airfoils in turbulent flow was combined with a method ‘or 
calculating transmission of sound through ■ subsonic exit duct and 
with an empirical far field directivity sh«pi- This combination pro 
vides a method for predicting engine internally genet ated noise horn 
radial struts and stators and annular splitter rings Calculated sound 
power specna. directivity, and acoustic piessuie spectra are com 
pared with data. These data were for no-se caused by a fan exit duct 
splitter ring, large-chord stator blades, and turbine exit struts. How 
ever, the lack of ujrbulence intensity and scale length measurement 
for these flow ducts prevented an absolute validation of .he ptedic 
tion method (Author) 


A79-26936 * » Effects of simulated forward flight on |et 
noise, shock noise and internal noise K K Ahuja. H. K Tanna. and 
B. J. Tester (Lockheed Georgia Co , Marietta, Ga.) American Insti- 
tute of Aeronautics and Astronautics. Aeroacoustics' Conference. 
5th, Seattle. Wash . Mar 12 14. 1970, Paper 790615 lip. Iz refs. 
Contract No NAS3 20050. 

Inflight simulation experiments are conducted in an anechuic 
freeqet facility to examine the flight effrets on -arious combinations 
of |et noise, shock noise and internal noise The |et mixing noise 
component reduces with forward velocity ’ til .ingles and frequen 
cies. When jet mixing noise is contaminated v. th internal noise, 
forward motion piovides a noise reduction in the rear arr and a noise 
increase in the forward arc. with little change at 90 deg. The results 
are similar for shock containing lets It is found 'hat the existing 
anomalies between toll scale (light data and model scale ‘light Simula 
tion data coulo well be due to the contamination o‘ 'he fii.iht data 
by internal noise (Author) 


A7928964 • « A jet exhaust noise predicfxm procedure for 

inverted velocity profile coannular nozzles. R S. Larson (Un"id 
Technologies Corp.. Pratt and Whitney Aircraft Group. East Hart 
lord, Conn.). American Institute of Ae-onautics and Astronautics 
Aeroacoustics Conference. 5th Seattle. Wash . Mar 12 14. 1979. 
Papet 79 0633 21 p 26 refs Contract No NAS3 20061 

Acoustic model tests have demonstrated that signlicant noise 
suppression can be obtained horn inverted velocity profile coannular 
nozzles An acoustic prediction procedure was developed lot inverted 
velocity profile coannular nozzles ihct can be used to predict SPL 
speed a as a 'unction of nozzle geometry and now conditions. In the 
development of this prediction procedure, the noise spectrum at a 
given anol- was decomposed into lou’ noise components a low 
frequency mixing noise component a high frequency mixing noise 
component, an outei stream shock noise component, and an inner 
stream shock noise component The physics of the inverted velocity 
how fuid development was used to tnrmulaie noise generation 
models Scaling laws for e*.h none component wer* defined based 
or these mooed. Comparisons if predictions from th,. procedure 
with experimental data were conducted to verify the prediction 
procedure. (Author) 
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72 ATOMIC AND MOLECULAR 
PHYSICS 

Includes atomic structure and moleculai spectra 


N79 1R711*||I Minnesota Umv Minneapolis Dept ol Electrical 
Engineering 

INVESTIGATIONS OF NEGATIVE AND POSITIVE CESIUM 
ION SPECIES Final Report 

L M Chanin Sep 1978 35 p refs 
iGrant NsG 30941 

I NA SA CR 1594461 Avail NTIS HC A03/MF A01 CSCL 
20H 


A direct test ided of the hypothesis of negative ion 

creation at the It .i collector of a diode operating under 

conditions si- ", t cesium thermion-c converter The 

experimental e involves using direct ion sampling through 

the collector eiu. de with mass analysis using a quadrupole 

mass analyzer Similar measurements are undertaken on positive 
ions n unacted through the emitter electrode Measurements were 
made on a variety of gases including pure ces urn helium-cesium 
mixtures and cesium hydrogen as well as cesium xenon mixtures 
The gas additive was used primarily to aid m understanding the 
negative ion formation processes Measurements were conducted 
using emitter (cathodel temperatures up to about 1000 F The 
maior negative ion identified through the collector was Cst I 
with minor negative ion peaks tentatively identified as HI I H2I-I 
H3( I He! -I and a mass 66 Positive ions detected w <»e believed 
to be Cst • I Cs2l • I and Cs3i - I L S 


N 79- 19929*# Colorado State Univ Fort Collins Dept of 

Physics 

INDUSTRIAL ION SOURCE TECHNOLOGY Annual Report 

Harold R Kaufman and Raymond S Robinson Dec 1978 
7.? p refs 
(Grant NsG 30861 

(NASA CR 159634) Avail NTIS HC A04/MF A01 CSCl 
20H 

An analytical model was developed to describe the develop 
ment of a coned surface texture with ion bombardment and 
simultaneous deposition of an impurity A mathematical model 
of sputter deposition rate from a beveled target was developed 
in coniuction with the texturing models to provide an important 
input to that model The establishment of a general procedure 
that will allow the treatment of manay different sputtering 
configurations is outlined Calculation of cross sections for 
energetic binary collisions wav extened to A. Kr end Xe with 
tote* cross sections for viscosity and diffusion calculated for the 
interaction energy range from leV to IGOOeV Physical sputtering 
and reactive ion etching experiments provtoed experimental data 
on the operating limits of a b'oad beam ion source using CF4 
as a working gas to produce reactive species in a sputtering 
beam Magnetic clustering effects are observed when Al is seeded 
with Fe and sputtered with Ar( • I ions Silicon was textured at 
a micron scale by using a substrate temperature of 600 C L S 
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73 NUCLEAR AND HIGH ENERGY 
PHYSICS 


Includes elementary and nuclear particles and reactor 
theory 

For space radiation see 93 Spsce Raduhon 


N79-12M4*# TRW Defense and Space Systems Group Redondo 
Beach Calif 

ION BEAM TECHNOLOGY APPLICATIONS STUDY 
Final Report 

J M Sellen Jr 1 Nov 1976 36 p 
(Contract NAS3 21027) 

(NASA CR 159437 TRW 32100 6009 R'J OOi Avail NTIS 
HC A03/MF A01 CSCL 20H 

Specific perceptions and possible ion beam technology 
applications were obtained as a resu'f of a literature search and 
contact interviews with various institutions and individuals which 
took place over j 5 month period The use of broad beam electron 
bombardment ion sources is assessed for materials deposition 
removal and alteration Special techniques examined include 
(1) cleaning cutting and texturing for surface treatment 
12) crosslmiung of polymers stress relief in deposited layers 
and the creation of defect states in crystalline material by ion 
impact and 3> ion implantation during epitaxial giowth and 
the deposition of neutral matenals jouttered by the -on beam 
The aspe< ts advantages am) disadvantages of ion beam 
technology and the competitive role of alternative technologies 
are discussed arm 


N79 2 7976*# Rockwell International Corp Anaheim Calif 
Electronics Research Center 

ANALYSIS AND PRELIMINARY DESIGN OF OPTICAL 
SENSORS FOR PROPULSION CONTROL Final Report 

K A James W H Quick and V H St'ahan 23 Jan 197S 
90 p refs 

(Contract NAS3 21005! 

(NASA CR 159519 C79 386 50H Avail NTIS 

HC A05 A0 1 CSCl 20F 

A fiber optic sensor concept screening stud, was performed 
Twenty sensor subsystems were identified and evaluated Two 
concepts selected for furthc- stud, we'c the Fabry Perot f.uer optic 
•emperature senior and the pulse width uidulated phosphc 
rescent temperature sensor Vanous designs suitable for a 
Fabry Perot temperature sensor to be std as a 'emote fiber optic 
transducer were investigated As a result a padicula' des;gn 
was selected and constructed Tests on .his device show th*t 
spectral peaks aie produced from visible wh-ta light and the 
change m wavelength of the spectra 1 ceaks produceil by a change 
in temperature is consistent with theory and s 36 rvn C for 
the f.rst order peak A literature seanh to determine a suitable 
phosphor fo» implementing the pulse w ith modulated fiber opt i 
temperature sensor was conducted Th* search indicated that 
such a dev.ee could be made to function for tempe«atu'es up 
to approximately 2CX) C Materials r»k» ZnCdS and ZnSe activated 
with ceppe W'li be pa'lirulady applicable to tempt rature sensing 
in the cryogenic to room temperature region While this sensing 
concept is probably not applicable to jet engines the simplicity 
and potential reliability n ake the concept highly lesnabie for 
other appl'cations A R H 
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75 PLASMA PHYSICS 

Includes megnetohydrodynamics and plasma fusion 
For ionospheric plasmas see 46 Geophysics For space 
plasmas see 90 Astrophysics 


NTS 10SS4*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohi^ 

HYDROGEN HOLLOW CATHODE ION SOURCE Pet 
er.t Application 

M Mirtich J Sovcy and R Roman inventors (to NASA! 23 Oct 
1978 8 p 

INASA Case LEW 12940 1 US Patent Appl SN 953391) Avail 
NTIS HC A02/MF A01 CSCL 201 

A hyd’ogen source is disclosed which includes a chamber 
having at one end a cathode which provides electrons and through 
which h/drogen gas flows into the chambe' Screen and 
accelerator gods a>e provided at the other end of the chamber 
A baffle plate is placed between the cathode and the grids and 
a cylindrical baffle is disposed coaxially with the cathode at the 
rne end of the chamber The cylindrical baffle is of greater 
div'.-eiai than the baffle plate to provide discharge impedance 
and also to protect the cathode from ion flux An anode 
electrode draws the electrons away from the cathode The holtcw 
cathode includes a tubular insert of tungsten impregnated with 
a low work function material to provide ample electrons A heater 
is provided around the hollow cathode to inmate electron emission 
froi the low work function material The source provides hydrogen 
or dec snum ions at a beam current density exceeding 0 1 amperes 
lA)/sq m and has a discharge current which cen exceed 100A 
fo' duty cycles of se 'e'al minutes NASA 


N7S 12909* a National Aeronautics arid Space Administration 
Lewis Research Center Cleveland Ohio 

ADHESIVE RONOING OF ION Lf AM TEXTURED METALS 
AND FLUOROPOLYMERS 

Michael J Mirtich and James S Sovey 1978 14 p refs 

Presented at the 25th Nat' Vacuum Symp San Francisco 
28 Nov 1 Dec 1978 Sponsoreo by the Am Vacuum Soc 
INASA 1M 79004 E 97901 Avail NTtS HC A02 / MF A01 
CSCL 201 

An electron bombardment argon on source was used to 
ion etch various metals and fluoropolvmers The metal and 
fluoropolymers weie exposed to 10 5 to 1 01 keV Ar ions at ion 
current densities o* 10 2 to 1 51 mA/sq cm for various exposure 
times The resulting surface texture is in the form of needles or 
spues whose vertical dimensions may range from tenths to 
hundreds of miciometers depending on tne selection of beam 
eneirjy ion current density and etch time The Isonding o' textured 
surfaces is accomplished by ion beam texturing mating pieces 
r f eithei metals or fluoropolymers and applying a bonding agent 
which wets in and around the microscopic con* like structures 
After bonding both tensile and sheai strength measurements 
we>e made on the samples Also lested for comparisons sake 
were untextuied and chemically etched fluoropolymers The results 
of these measurements are presented Author 


N79 19S97*| National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

ION CONFINEMENT AND TRANSPORT IN A TOROIDAL 
PLASMA WITH EXTERNAL! v IMPOSED RADIAL ELECTRIC 
FIELDS 

J Reece Roth Walter M Krawcronek Edward J Powers ITexas 

Umv Austin! Young C 4im (Texas Umv Austin), and Hae Y 

Hong ITexas Umv Austin# Mar 1979 86 p refs 

(NASA TP 1411 E 97541 Avail NTIS HC A05/MF A01 CSCL 

201 

Strong electric fields w e.e imposed y'ong the mmoi radius 
of the toroidal plasma by biasing it with electrodes maintained 
at kilovolt potentials Coherent low frequency disturbances 
characteristic of various magnetohydrodynamic instabilities were 
absent in the high density weli upohned regime High direct 
current raui«t e'en* nc fields with magnitudes up to 135 volts 
pei centimeter penetrated inwaid to *r least one half the plasma 


radius When the electric field pointed radially toward, the ion 
transport was inward against a strong local density gradient, 
and the plasma density and confmamant time were significantly 
enhanced The radial transport along the elactnc held appeered 
to be consistent with fluctuation- induced transport With negative 
electrode polarity the particle confinement was consistent with 
a balance of two processes a redial infusion of ions, in those 
sectors of the plasma not containing electrodes that result sd 
from the radially inward fields and ion losses to the electrodes, 
each of the which acted as a sink and draw ions out of the 
plasma A simple model of particle confinement was proposed 
r which the particle confinement time is proportional to the 
plasma vtJ .o The scaling predicted by this model was consistent 
with exp.” i ;•.»#! measurements LS 


N7S 2G994*| National Aeronautics and Sp^ce Administration 
Lawn Research Center. Oeveland. Ohio 

ION BEAM PROBING OF ELECTROSTATIC FIELDS 

Hans Parsson Feb 1979 66 p rets 

(NASA TM X 79120. E 99531 Avail NTIS HC A04/MF A01 
CSCL 201 

The determination o< a cylindrically symmetric, time 
independent electrostatic lential V in a magnetic field B with 
the same symmetry by measurements of the deflection of a 
primary beam of ions is analyred and substantiated by examples 
Special attention is given to the requirements on canonical angulai 
momentum and total energy set by an arbitrary nonmonotone 
V. to scaling laws obtained by normalization, and to the analogy 
with ionospheric soundmg The inversion procedure with the 
Abel analysis uf an equivalent problem with a one dimensional 
fictitious potential is used ir> a numerical experiment with 
application to the NASA Lewis Modified Penning Discharge The 
determination of V from a study of secondary beams of ions 
with increased charge produced by hot plasma electrons is also 
analyzed both from a general point of view and with application 
to the NASA Lewis SUMMA experiment Simple formulas and 
geometrical constructions are given for the minimum energy 
necessary to reach the axis the whole plasma, and any point in 
the magnetic field The common simplifying assumption that V 
is a small pertuibation is critically and constructively analyzed, 
an iteration scheme for successtvely correcting the orbits and 
points of ionization for the electrostatic potential is suggested 

J M S 


N79 L^897‘» “ationai Aeronautics and Space Administration 
Lewis Research '"-nter Oeveland Ohio 

PRELIMINARY RESULTS IN THE NASA LEWIS H2 02 
COMBUSTION MHD EXPERIMENT 

J Marlin Smith 1979 11 p refs To be presented at the 

18th Symp on the Eng Aspects of Magnetohydrodyn Butte 
Mont 18 20 Jun 1979 

(NASA TM 79135 E 9983) Avail NTIS HC A02/MF A01 
CSCL 201 

MHO (magnetohydrodynamicl power generation experiments 
were earned out in the NASA Lewis Research Center cesium 
seeded H2 02 combusbon facility This facility uses a neon cooled 
cryomagndl capable of producing magnetic fields in excess of 5 
tesla The effects of power takeoff location generatO' loading 
8 field stiength and electrode breakdown on generator perform 
ance are discussed The experimental data is compared to a 
theory based on one dimensional flow with heat transfer friction 
and voltage drops G Y 


A79 14953 * Necrowave radiation measurements near the 

electron plasma frequency of the NASA Lewis Bumpy Torus plasma 

R Ma"avvpu and J R Roth 'NASA Lewis Research Lentei . 
"ii" viand Oh ' ol Ameruan Physical Society Meeting Colorado 
Springs Colo Oct 30 Nov 3 1978 Paper 20 p 12 refs 

Miciowaw emission near the election plasma frequency of the 
NASA Lews Bumpy Torus plasma has been observed, and its 
relation to the aveiagr election densdv and the dc toioidal magnetic 
1 eld was examined The emission was detected using a spectrum 
anaiyji. arid a 50 ohm miniature coaxial probe The radiation 
appeared as a tnoad amplitude peak that shifted n frequency as the 
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plasma parameters were va'.ed The observed radiation scanned an 
average plasma density ranging from 20 billion to 800 billion per cu 
cm A linear relation was observed between the density calculated 
from the emission frequency and th. average plasma density 
measured with a microwave interferometer With the aid of a relative 
density profile measurement of thr plasma, it was determined that 
the emissions occurred from the outer periphery of the plasma 

(Author) 


£79-15597 • " Hartmann flow with temperature-dependent 

piytical properties. G. T. Linn (NASA. Lewis Research Center. 
C eveland. Ohio) and J. S Walker (Illinois. University. Urbana. III.). 
In Developments in theoretical and applied mechanics Volume 9 
Proceedings of the Ninth Southeastern Conference. Nashville. Term, 
Mo 1 5. 1978. |A79 15576 04 31) Nashville. Ter i.. Vanderbilt 
University. 197R p 393 401 6 »efs. NSF Grant Nt . MG 74 23778 
Attention is qiven to the steady, fully d>»ve‘oped, one 
dimensional flow of a liquid metal in which thermal conductivity, 
electrical conductivity, and viscosity are functions of temperature It 
is found that the properties are decreasing .unctions of temperature 
and rh«* first differences between temperature dependent and con 
,tant properties are discussed. S C S 


A #9- 26 184 * » Velocity, temperature, and electrical con 

cL ct tv it*, profiles in hydrogen oxygen MHD duct flows. M. S. 

Grevvtall tWichita State University Wichita, Kan.) and C. C P Pian 
(NASA, Lewis Research Center. Cleveland. Ohio). In Fluids 
engt eenng in advanc d energy systems, Proceedings of the Winter 
Anrual Meeting, San Francisco, Calif . December 10-15, 1378 
(A79 261 76 09-44) New York American Society ot Mechanical 
Engineers, 1978. p 111 120 8 refs. Contract No EF 77 A 01 2647. 
Gr jnt No NsG 31 86 

lhis paper presents results of two dimensional duct flow 
computations for radial distr i but ions of velocity, temperature, and 
electrical conductivity Calculations were carried out for the flow 
conditions representative of NASA Lewis hydrogen oxygen com- 
bustion driven MHD duct Result, are presented for two sets of 
commutations (1) profiles o' developing flow in ^ smooth duct, and 
(2) profiles of fully developed pipe flow witn a specified streamwise 
shear stress distribution The predicted temperature and electrical 
conductivity profiles for the developing flows compared well with 
available experimental data (Author ) 


A7939807 • Preliminary results in »ne NASA Lewis H2 02 

combustion MHD experiment J M Smith (NASA, Lewis Research 
Center Cleveland Ohio) Montana Energy and MHD Research and 
Development Institute. Montana College of Mineral Science and 
Technology and Montana Stale University Symposium on the 
Engmeeruyg Aspects of Magnetohydrodynamics 18th, Rutte Mont 
June T9 20 1979. Paper 9 c 

MHD power generation cxptrnmentv have been carried out in the 
NASA Lewis Research Center cesium seeded H2 02 combustion 
facility This facility uses a neon coo' ll ayomagnet capable of 
producing mjgnet'C fields in excess of 5 tesla The effects of power 
takfoH location. generator loading. B field strength, and electrode 
l weak down on generator perform* u.r air discussed The expenmen 
tal data is compared to a theory txmul on urn* dimensional flow w*th 
heat transfer, friction, and voltage drops (Author) 


A79417R8 * * Trajectories of charged particles in radial 

electric and uniform axial magnetic fields G W Englert (NASA 
lewij Research Center Cleveland Oh»o1 IffE Transactions on 
Plasma Science vol PS 7 June 1979. p 72 80 ?1 refs 

Trajectories of charged part fles were determinerl over a w.de 
range r . f parameters characterizing motion in cylindrical low pressure* 
gas nscharges and plasma hea f mg devices which have steady radial 
electric fields perpertdiculai to uniform steady magnetic fields 
Consideration was given to rad al distributions chara* ter.stic of fields 
measured in a modified p enmng discharge. in two NASA Lews 


burnout-type plasma heating devices, and that estimated for the 
Ixion device. Numerical calculations of trajectories for srch devices 
showed that differences between cyclotron frequency and qB m and 
between azimuthal drift and a guiding center approximation are 
appreciable. BJ. 


A79-51995 * Performance optimization of an MHD genera 

tor with physical constraints. C C P P<an, G R Seikel. and J M 
Smith (NASA. Lewis Research Center. Cleveland, Ohio). .»» Inmr 
society Energy Conversion Engmeenng Conference. 14th, Boston, 
Mass., August 5-10. 1979, Proceedings Volume 2 (A79 

51726 23-44) Washington, DC. American Chemical Society. 1979. 
p. 1939 1 944 / refs. 

A technique has been described which optimizes the power out 
of a Faraday MHD generator operating under a prescribed set of 
electrical and magnetic constraints The method does not rely on 
complicated numerical optimization techniques. Instead »h<* mao 
net c field and ll.e electrical loading are adjusted at each streamwise 
location such that the resultant generator design operates at the most 
limiting of the cited stiess levels The simplicity of th« procedure 
makes it ideal for optimizing generate designs for system analysis 
studies of power plants The resultant locally opt mum channel 
designs are. however, riot necessarily the global optimum designs. 
The results of generator performance calculations are presented tor 
an approximately 2000 MWe size plant The difference between th«* 
maximum powei geneiuiur design and the optimal design which 
maximizes net MHD powei are desc bed The r ensitivity of the 
generator performance to the various operational parameters are also 
presented (Author! 


A7953867 • Method for decomposing observed line #iape$ 

resulting from multiple causes Application to plasma charge 
exchange neutral spectra R W Patch (NASA. Lewis Research 
Center. Cleveland. Ohio) Journal of Quantitative Spxtmscopy and 
Radiative Transfer vol. 22, Sept 1979. p. 273 286 24 refs 

A method is given for decomposing the widths of observed 
spectral lines resulting from unresolved line splittinq. additive kinetic 
processes of different types, instrumental broadening (slit function), 
Doppler broadening, etc all superimposed The second moments are 
used as measures of the various w.dths involved The method is not 
applicable if dispersion type (Lorentz) broadening occurs Applica- 
tion is made to plasma charge exchanqe neutra 1 spectra of hydrogen, 
deuterium and helium. (Author) 


N7» 26943* » Colo- ado State Umv Fort Collins Dept of 
Physics 

PHYSICAL PROCESSES IN DIRECTED ION BEAM SPUT 
TERING PhD Th«sis 

Raymond S Robinson Mar 1979 163 p refs 

(Gram NsG 30861 

(NASA CR 159567) Avail NTlS HC A08/MF A01 CSCl 

201 

Th« genera 1 operation of a discharge chamber for the 
production of ions is described A moJei is presented for the 
magnetic containment of both primary and secondary or 
Maxwellian electrons m the discharge plasma Goss sections 
were calculated for energy and momentum transfer m binary 
collisions between like pairs of Ar Kr and Xe atoms ir* the 
energy mnge from about 1 eV to 1000 eV These calculations 
were made from available par interaction potentials using a 
classical model Fxpenmental data from the literature were fit 
to a theoretical expression for the m. ^onance charge exchange 
cross section over the same energy range A model was developed 
that describes the processes of conical texturing of a surface 
due to simultaneous directed ion beam etching and sputter 
deposition of an impuu’v material This model accurately predicts 
both a minimum tempeiature for texturing take place and 
the vacation of cone density with ter iperature It aiso provide* 
the coirect ordjr of magnitude of cone separation It was predicted 
from the model and subsequently verified experimentally That a 
high sputter yield material coulo s er\v as a seed for coning of 



■ lower sputter yield subttrete Seeding geometries end seed 
deposition retes were studied to obtain en important input to 
the theoretical texturing model A R H 
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76 SOLID STATE PHYSICS 

Includes superconductivity 

For relat'd information, see also 33 Electronics and 
Electrical Engineering and 36 Lase's and Masers 


N79-1MM*f National Aeronautics and Space Administration 
Lawns Research Center. Cleveland Ohio 

IOWBO DOPANT CONCENTRATIONS AT TNC HKAVILV 
DOTE 0 SURFACE OP A MU CON SOLAN CCU 

Irving W berg Jacob 0 Broder George A Masane. Jr . end 
Lan Hsi Dec 1978 IS p reft 
(Grant N»G 3014) 

(NASA TP 1347 E 96291 Avail NTIS HC A02/MF A01 CSCL 
108 

Data are combined with concentration* obtained by a bulk 
measurement method using successive layer removal with 
measurements of Hall effect and resistivity From the MOS 
(metal oxide semiconductor) measurements it * found that the 
ionised dopant concentration N net the value (14 + or - 0 1) 
x 10 to th» 20th power/cu cm at distances between 100 and 
220 nm from the nl ‘ I surface rhe bulk measurement technique 
yields average values of N over layers whose thickness is 
2000 nm Resjlts show that at the I igher concentrations 
encountered at the r»( ♦ ) surface the MOS C-V technique, when 
combined with « bulk measurement method, can be used to 
evaluate the effects of materials preparation methodologies on 
the surface and near surface : one entret ions of silicon cells 

Author 


N 79 18899*11 National Aeronautics and Space Administration 
Lewis Resea ch Center Cleveland Ohio 

FRICTION AND WEAR OF SINGLE CRYSTAL MANOANC 98- 
ZINC FERRITE 

Kaiuhisa Miyoshi and Donald H Buckley 1979 19 p refs 

To be presented at the Intern Conf on Wear of Mater Dearborn 
Mich 16 18 Apr 1979. sponsored by ASME. ASLE. ASM. 
ASTM 62 SAE SME Am Chem Soc AIME and APS 
iNASA TM 78S80 E 9673 II Avail NTIS HC A02/MF A01 
CSCL 208 

Sliding friction experiments were conducted with single 
crystal manganese sine ferrite in contact with itself and with 
transition metals Results ndicate mating highest atomic density 
directions 11101 on matched crystallographic planes exhibit the 
lowest coefficient of friction indicating that direction is important 
in the friction behavior af ferrite Matched parallel high atomir 
density planes and crystallographic directions at the interface 
exhibit low coefficients of friction The c deficients of fnction lor 
femta m contact with vanous metals are related to the relative 
chemical activity of these metals The more active the metal 
the higher the coefficient of friction Cracking and the formation 
of hexagon and rectangular shaped platelet wear debus due to 
cleavage-. of (1101 planet are observed on the ferrite surfaces 
as a result of sliding Author 


N79 21910* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

METHOD FOR THE PREPARATION OF INORGANIC SINGLE 
CRYSTAL AND POLVCRVSTALUNE ELECTRONIC MATERI- 
ALS Patent 

Warren 0 Groves inventor (to NASAI (Monsanto Co St Louis. 
Mo I Issued 25 Feb 1969 3 p Filed 5 Feb 1965 Sponsored 
by NASA 

(NASA Case XLE 025«5 1 US Patent 3.429.756 

US Patent Appl SN 430748 US Patent Class 156 171 Avail 

US Patent and Trademark Office CSCL 20B 

carge area semicunducto crystals selected from group 3 5 
compounds and alloys ire provided for semiconductor device 
fabrication by the use of a selective etching ope'ation whxh 
completely removes the lubetrate on which the desired crys al 
wa deposited The substrate selected from the same croup it 
the single crystal has a higher solution rate than the •-iitax al 
single crysta 1 which is essentially unaffected by the etchin, 
solution The preparation of gallium phosphide single crystals 


using a gallium arsenide substrate and a concentrated nitric acid 
etching solution is descubed A R H 


A79-10417 * Optimi ^rs-rottnunce, and magneto resistance 

studies of /tetrathiatetracene/2/iodide/3 - The nature of the ground 

state. R. B. Somoano, S. P. S. Yen, V. Hadek, S. K. Khanna 
(California Institute of Technology. Jet Propultron Laboratory. 
Pasadena, Calif.), M. Novotny (Stanford University, Stanford, Calif.), 
T. (Jutta, A. M. Hermann IT ulane University, New Orleans, La ). and 
J. A, yVoollam (NASA, Lewis Research Center, Cleveland, Ohio). 
Physical Review B Solid State, 3rd Series, vol. 17, Apr. 1, 19/8. p. 
2853 2857 19 refs Contract No. NAS7 100 

A recent investigation in which Isett and Peret Albuerne 0977) 
found that itetratbiai°tracene)2(iodinel3 is a stable organic metal 
down to 3.3 K is of considerable merest In view of the diversity of 
suggestions made regarding th s compound, measurements, were 
made of Is electrical, nr. ignetic, and optical properties The results 
obtained indicate a metallic state at high temperatures, but also 
support a nonmetallic state at tenperatures below 30 K. At 2030 K, 
a metal-to-insulator phase transition occurs. This is indicated by the 
onset of a large and positive magnetoresistance, the leveling off in the 
temperature dependence of the ESR linewidth. and by recent 
derivative analysis of the electrical conductivity in this region. The 
investigated compound represents an interesting one dimensional 
electronic system in which it may be possible to study the combined 
effects of disorder and mterchairi coupling on chane transport 
processes OR. 


A79 2 n, 19 • Superconducting properties of evaporated cop- 

per molybdenum sulfide films. J A Woollam (NASA Lew.s 
Research C°nter Cleveland. Ohio), K C Chi, R 0 Dillon R F 
Bunshah (California. University, Los Angeles. Calif ), and S A 
Alterovit/ Journal ol Applied Physics, vol 49, Dec 1978, p 
6027 6030 20 refs 

Films of copper molybdenum sulfide weie produced by coevap 
oration Those that wee superconducting contained only the ternary 
compound and tree molybdenum. The ianqr of coppei content in 
the ternary compound was as large as that .n polycrystalline material 
that is, n includes either phase alone, or a mixture of the two phases 
of this material This is in contrast with sputtered materials where 
copper concentration has been limited to a nairowei range The 
upper critical field and the critical current were measured as 
functions of external magnetic field, and found to lie similar to those 
of sputtered copper molybdenum sulfide, when the comparison was 
made for samoles having The same amount of coppei (Ault. or) 


A79 20529 * Properties and performance of fine-filament 

btome-proces. Nb3Sn conductors M S Walker, J M Cutro. B A 
Zeitlin. G M Jaeryansky, R E Schwall (Intermagnencs General 
Corp . Guilderland. N Y I, C E Oberly (USAF, Wright Patterson 
AFB. Ohio), J C Ho (Wichita State University. Wichita, Kan). and 
J A Woollam (NASA. Lewis Research Center. Cleveland, Ohiol. 
I Applied Superconductivity Conference Pittsburgh Pa . Sept 25 28 
1978 ) IEEE Transactions on Magnetics, vol MAG 15, jar, 19/9, p 
80 82 8 refs. USAF supported research 

Fine filament brome process Nb3Sn superconductors were 
a.'ncated to fulfill stringent requirements on critical current under 
tension in a one inch bend d ameter. current density, stability, and 
conductor losses A large fraction of niobium filaments was 
incorporated in a bron/e matrix, and a cable containing 4453 
2 micron diametei filament, in each of six strands prov ded a current 
density of 85.000 A sq cm >t 10 to the 1 1th ohm-cm. 10 T and 4 2 
K Thi next step was to mcorpoiatr copper stabili/er in a conductor 
with 20,538 filaments These conductors, fabricated so that bend 
strains »f about 1% would lie experienced by the filaments in the 
one inch bend, stably carried currents in the 200 600 A range A 
quench current o* 540 A in a 5 cm bend corresponds to 158,000 
A/sq cm m the bronac- and filament area believed to tie *he highest 
critical current density reported for multifilamentary Nb3Sn P T M 
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A 79- 20539 * Critical currant dtntity in wira drawn and 

hydrostatically extruded Nb Ti superconductor!. S. A Alterovit/, J. 
A. Woollam (NASA, Lewis Research Center, Cleveland. Ohiol. and E, 
W Ccii'i’cy <Rv«vl!e Mem. rial Institute, Cnlumb'is, Ohio) t Applied 
Superconductivity Conference, Pittsburgh. Pa., Sep i. 99 CC. 1978.) 
IEEE Transactions on Magnetics, vol. MAG- 15, Jan. 1979, p. 404. 
405 6 refs Contract No, W 7405 eng 02 DOE Task 64. 

Critical current studies have been made on copper-clad Nb-Ti 
composite wire prepared under area reductions of 1 00 1 and 
10,000 1 bv hydrostatic extrusion IHE), wire drawing and HE plus 
drawing. Comparative evaluation of the 'hermomechanical processing 
equivalent of HE was performed. (Author! 


A79-21157* Hall effect and magneto resistivity in the ter 

nary molybdenum sulfides. J. A Woollam (NASA. Lewis Research 
Center, Cleveland Ohio), E J. Haugland (NASA, Lewis Research 
Center Case Western Reserve University. Cleveland. Ohio), and S. A. 
Alterovit*. Physics Letters, vol 68A, Sept 18. 1978. p. 122-124 7 
refs. 

The Hall coefficient and magnetoresistance of sputtered films of 
Cu|x)Mo6S8 and RbMo6S8 have been measured, as well as the 
magnetoresistance in sintered samples ol the same materials. Assum 
mg a sinqle band model, net carrier densities and mean mobilities aie 
determined. (Author) 


A79 23633 * Anomalous galvanomagnetic properties of 

graphite in strong magnetic fields K Sugihara (Matsushita Electric 
Ind-istiial Co Ltd . Osaka. Japanl and J A Woollam (NASA, Lewis 
Research Center Cleveland, Ohml. Physical Society of Japan 
Journal vol 45. Dec 1978 p 1891 1898 19 rets. 


A79 26375 * Critical current and scaling laws in evaporated 

two phase Cu2.5Mo6S8. S * Alterovit/ and J. A. Woollam (NASA, 
Lewis Resea'ch Center. Cleveland. Ohio) Journal of Low Tempera 
lure Physics vol 32. no 5 6, 1978, p 839 851 23 refs. 


A7927229 * Normal state properties of the ternarv molyb 

denum sulfides J A Woollcm (NASA, Lewis research Center. 
Cleveland. Ohiol and S A Alterovit/ Solid State Con.mumcations. 
vol 27. no 6. 1978. p 669 671 1'reis 

By making a large numtter ol normal state and s ipercnndus.hng 
properties measurements, all on the same ternary molybdenum 
sulfide samples, we obtain values for Fermi surface and super 
conducting parameters From these we conclude that St Jttered 
ternarv molybdenum sulfides are not completely in the dirty 
superconductor limit, and that they arc d band metals with a high 
electron carrier density (Author) 


A79 2 7230 * Low temperature normal state resistance of 

ternary molybdenum sulfides J A Woollam (NASA. Lewis Research 

Center Cleveland Ohiol and S A Aterovt/ Snlio State Cn turn 
cations, vol 27 no 5 1978 p 571 574 27 refs 


A79 28300 * Comparison of protected critical currents m 

PbMo6S8 and Nb3Ge S A Alferov*/ (NASA Lewis Research 

Center Cleveland Ohiol anil J A Woe llarn Cryogenics vol 19. 
Mar 1979 p IS7 169 18refs NSe supported research 

Critical current densities Jc ol sputtered Chevrel phase 
PtiMnGSfi films nave lieeri meav *d as a function o' held to 19 T at 
several temper atures The p-.ioing forces were # ound to obey a 
scaling law Aiuminq an s ilecpse upper critical held Bc2 45 T an 
effective rr.t ca t-mperature lc 13 K. together with empirical 
estimates of numerical factors in the scaling uw, the upper limits lor 
critical current density Jr m Pt>Mo6S8 are estimated Comparisons 


art made with estimates of Jc for Nb3Ge at 4.2 K A crossover of Jc 
vs. 6 is found for 9 of the order of 25 to 30 T. Below this point. 
Nb3Gt is projected to have a higher critical current dens ty Thus 
practical use of Chevrel materials in high field magnets only appears 
to he competitive with Nh3Ge for fields above 25 to 30 T (Author) 


A79-31973 * Raactivtly evaporated films of copper molyb 

denum sulfide. K. C„ Chi, R. 0. Dillon. R F. Bunshah (California, 
University, Los Angt'es, Calif. I, S Alterovit/, and J A. Woollam 
(NASA. Lewis Research Center Cleveland, Ohio). In Metallurgical 
coatings 1978, Proceedings of the Fifth Internationa' Conference. 
San Francisco, Cilif.. Apol 3 7, 1978 volume 2 IA79-31951 12 23) 
t amanne, Elsevier Sequoia, S. A., 1978. p. 259 262. 12 ref*. 

Films of superconducting Chevrel-ohase cooper molybdenum 
sulfide CuxMo6S8 were deposited on sapphire substrates by reactive 
evaporation using H2S as the reacting qa>. Two superconducting 
temperatures (10.0 K and 5.0 K) of the films were found, 
corresponding to iwo different phases with different copper concen- 
trations All films were superconducting above 4.2 K and contained 
Chevrel-phase compound a : well as free molybder TK - critical 
current was mehsured ?• a funchon of applied field One sample was 
found to deviate f>-.m the scalin.s l»uu found for CO-cvaporated or 
sputterea samp'-.-s, which possibly indicates a different pinning 
mechanism o inhomogeneity of the sample. (Author) 


A 79 34994 * a FrKtion and wear of tingle-crystal manganese 

zinc ferrite. K Miyoshi and D H, Buckley (NASA, Lewis Research 
Cen'tr. Cleveland. Ohio! ASME, ASLE. ASM. ASTM. SAE, SME. 
ACS. AIMt. and APS. International Conference on Wear of 
Materials, Oearhorn. Mich , Apr 16 18, 1979 Paper 17 p 12 rets 
Sliding friction experiments were conducted with single crystal 
manganese /ins ferrite in contact vsith itself and with transition 
metals Results indicate mating highest atomic density directions 
(1 10 line tvpel n matched crystallographic planes exhibil the lowest 
coefficient of friction indicating that direction is important in he 
friction behavior s' fernte Matched parallel high atomic density 
planes and crystal! syaphic directions at the interface exhibit low 
coefficients of trie. ion The coefficients of friction fui ferrite m 
contact with various metals are related to the relative chemical 
activity of these metals The more active the metal, the hiqher the 
coefficient of fn non Cracnng and t*-c lor "nation of hesjgon and 
rectangular shaped , 'aldet wt.tr detx is d ie to cleavages jie obse ved 
on the ferrite surfaces a result u! slnlmg. (Author) 


A79-3840a • The magnetocalorrc effect in dysprosium. S 

M Benfnrd INASA, Lewis Reseaich Lentei, Cleveland, Ohiol 
I A" >erit an Institute uf Physics amt institute ol Electrical and 
Electron:^ Engineers. Annual Conference on Magnetism and Magnet 
ic Materials. y4ih, Cleveland. Ohn. Nov 14 18. 1978 I Journal of 
Appherl Phvsics. vol 50 M«r 1979. p’ 2 p 1868 1870 12 rets 

The magn» tocalonc effect in polytrystallme Dy wav measured in 
the 84 780 K range in measuring fields from 1 to 7 T T h.'-.i 
adiabatic temi>eiature . hanges reflect vtrnctural changes in Dv Wh- 
applied held and temperature, and include the Inst maq .e'u . it 
data tor a helical jntitcrromagni’t TVvsve the Neel pO' ’ • '9 t \ 1 e 
field increase always caused heating below the Neel fx n r i. Y-.s 
than about 2 T cause coohriq *or some values ol miliar 'em O' ."in 
The tarqest temperature increase with a 7 T held occur, at the Neel 
point and at fields below 2 T neai the Curie point f oi lefnqeration 
purposes the uptunal work ing region to* a Dy coolmq eh-menl is held 
dependent B J 


A79-60231 ’ Indirect measurements of Fermi surface 

parameters of some chevral phase materials J A Wrmi'.im 'NAbA 
Lewis Research Center Cleveland Ohiol and S A Alte'Owt/ 
Journal of Magnetism and Magnetic Materials vol II Apr 1579 p 
177 ;81 27 refs 
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A »fnes of measurement! of normal state and superconducting 
properties were made in itro and in high magnetic fields. When these 
results are combined with a complete set of theoretical expressions, a 
number of Fermi surface parameters are found. (Author) 


A 79 50233 * Thermal expansion of some nickel and cobelt 

gsinefs and their solid solutions. I. Zaplatynsky (NASA. Lewis 
Research Center, Cleveland. Ohio). British Ceramic Society. Transac 
Horn and Journal, vol 78. no. 1. 1979, p. 1-3. 15 refs. 


N79 11921*11 Case Western Reserve Umv Cleveland Ohio 
Engineering Design Canter 

ADAPTATION OF ION BEAM TECHNOLOGY TO MICRO 
FABRICATION OF SOLID STATE DEVICES AND TRANS 
DUCERS 

James A Topich Nov 1978 40 p rels 
(Grant NsG 3131! 

INASA CR 1594391 Avail NTIS HC A03MF A01 CSCL 

201 

A number of areas were investigated to deteimme the 
poter.oai uses of ion beam techniques m the construction of 
solid state devnes and transducers and the packaging of 
implantable electronics for biomedical applications The live areas 
investigated during the past year were 111 diode like devices 
fabt itaieri on te*tured silicon i2i a photolithographic technique 
for patterning ion beam sputtered PVC Ipolyv.nyl chloride* 1 31 use 
of sputtered Teflon as a protective coating for implantable pressure 
sensors <4l the sputtering of Macor to sea* implantable hybrid 
circuits and 15* the use of sputtered Teflon to immobilize 
en/ymes G V 


A79-44548 * Nb3Ge at a potential candidate material for 

15- to 2ST magnets fvi Q Daniel, A I Braginski, C W Roland. J. 
R Gavaler. and A T Santhanam (Westinijhouse Research and 
Development Center. Pittsburgh. Pa) In Advances in cryogenic 
engines mg Volum»* 24 Proceedings of the Second International 
Cryogenic Materials Conference. Boulder. Colo . August 2 5. 1977 
(A79 44526 19 26) Nev. York. Pier, urn Press. 1978. p. 459 464 8 
refs Contracts No NASJ 20233 No T44620 70C 0042 

The C' iKdi temperature, upper critical field and structure of 
Nb3Ge materials produced by sputtering onto sapphire nr by 
diemical vapor deposition on sapphire or Hastclloy were determined 
In the case of the samples formed by deposition, several dopants, 
including Nb5Ge3, NbN and NbC were used A variety of deposition 
temperatures were studied Hiqhest upper cr.ticai field values were 
obtained m samples deposited n the 750 to 850 C range The degree 
of flu* pinning exhibited a correlation with gram si/e The presence 
of an impurity dopant had a depressant effect on the critical 
temperature and upper critical field C K D 
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77 THERMODYNAMICS AND 
STATISTICAL PHYSICS 

Includes quantum mechanics and Bosa and Fermi 
statistics 

For related information see also 25 Inorganic and 
Physical Chemistry snd 14 Fluid Mechanics and Heat 
Transfer 


A79-41731 * Electronic properties ol PbMo6SP end 

CuxMo6S8 J A Woollam (NASA, Lewis Research Center, Cleve 
land. Oli ul and S A Alterovit; (NASA. Lewis Research Center, 
Cleveland. Ohio, Tel Aviv University. Tel Aviv. Israel) Physical 
Review B Soliil Stale. 3rd Series, vol 19. Jan 15, 1979 p 749 761 
42 rets 

Noimal state properties of sputtered, evaporated, and sintered 
PbMo6S8 and CuxMo6S8 (where x is between 1 6 and 2 5) samp! t 
are reported These include the temperature dependence of resist IV 
ity. maqnetoresistance anil Hall effect When combine'! with 
superconducting pioperties (measured on the same samples) ansi 
theory, a number of Fermi surface and superconducting parameters 
are deliver) F its to the temperature dependence of the resistivity are 
compared with similar fits for A 15 structure supetcondurtors 

(Author) 


A79 49532 * 4 Energy state formulation of lumped volume 
dynamic equations with application to a simplified free piston 
Stirling engine C J Dame!? and C F. L.'en/o (NASA. Lewis 
Research Center. Cleveland. Ohm). Imernatio lal Conference on 
Friergy an I the environment. 6rh Pittsburgh Pa . May 2! 24 19/9 
Paper 28 p 8 refs. 

Lumped volume dynamic equations are derived using at 
energy state formulation This technique requires that kinetic aid 
potential energy state functions be written for the physical sy'trm 
being investigated To account for losses in the system, a Ra/ei^i 
dissipation function is also formed Using these functions, a 
Laqranyian is formed and using Laarange's equation, the equations of 
motion tor the system arc derived TV results of tiie application of 
this technique to a lumped volume are used to derive a model lot the 
fiee piston Stirling engine. The model was simplif ed and pro- 
grammed on an analog compute' Results are given comparing the 
model r espouse with experiment al data (Author I 
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85 URBAN TECHNOLOGY AND 
TRANSPORTATION 

Includat applications o' space technology to urban 
problems technology transfer technology assessment and 
surface and man transportation 

For ralatad information aaa 03 Air Transportation and 
Safaty. 16 Spaca Transportation, and 44 fnargy Production 
and Convarsron 


N79 1 1966*# National Aeronautics and Spare Admmistiation 
lawns Reseaith Contei Cleveland Ohio 

FUEL CEU ON BiTE INTEGRATED ENtRGV SYSTEM 
PARAMETRIC ANALYSIS OF A RESIDENTIAL COMPLEX 

Stephen N Simons |1977| 26 p refs Piesented at the Fuel 

Call Workshop Sarasota Fla 14 17 Nov 197 7 sponsored by 

DOF 

(NASA TM 78996 E 97801 Avail NTIS HC A02/Mf A01 
CSCl 10B 

A parametric energy use analysis was performed tor a large 
apartment complex served by a fuel cell on site integrated energy 
system (OS , IE SI the variables parameterized include operating 
characteristics for lour phosphoric arid luel cells eight OS/IES 
energy recovery systems and tour climatic locations the annual 
fuel consumption tor selected parametnc combinations are 
presented and a breakeven economic analysis is piesented tor 
one parametric combination The results show fuel cell electrical 
efficiency and system component choice have the gieatest effect 
on annual fuel consumption fuel cell thermal efficiency and 
geographic location have less ot an effect Autho. 


NTS 1B721*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INITIAL COMPARISON OF SINGLE CYLINDER STIRLING 
ENGINE COMPUTER MODEL PREDICTIONS WITH TEST 
RESULTS 

Roy C Tew Jr lanny G Thieme and David Miao 1979 
37 p refs Presented at the Intern Congr and Exposition 
Detroit 26 Feb 1979 4 Mar 1979 sponsored by the Soc 

of Automotive Engr 
(Contract EC 77 A "1 10401 

(NASA TM 79044 DOE/ NASA/ 1 040 78 30 E 98481 Avail 
NT S HC A03/MF A01 CSCl 108 

A Stirling engine digital compute' model developed at NASA 
Lewis Research Center was configured to predict the performance 
of the GPU 3 single cylinder rhombic drive engine Revisions to 
the basic equations and assumptions are discussed Mode! 
predictions with the ear'y results of the lewis Research Center 
GPU 3 tests are compared A R H 


N79 27023** National Aeronautics and Space Administration 
lewis Research Cente' Cleveland Ohio 

LOW P0WE" BASF LINE TEST RESULTS FOR THE GPU 3 
STIRLING Ei NE Final Report 

lanny G Thu j Apr 1979 68 p >efs Document includes 

microfiche supplement Supplement is available from NTlS 
iContract EC 77 A 31 1040) 

iNASA TM 79103 £ 9927 DOE NASA 1040 79 6i Avail 

NTIS HC E 04, MF A01 CSCl 108 

A f « «W 1 10 hp) Stirling engine was convemd to a research 
configuration in ordei obtain data 'or validating Stirling cycle 
computer simulations Test results fo> a range of heater tube 
gas temperatures mean compression pace pressures and engine 
speeds with both helium and hydrogen as the working fluid B'e 
summarized An instrumentation system to determine indicated 
work s described and preliminary results are presented G V 


A79-3/293 * * A cycle timer for tasting electric vehicles R 

F Soltis (NASA lewis Research Center, Cleveland. Ohio) Flerlric 
Vehicle Council. International Electric Vehicle Symposium 5th, 
Philadelphia Pa , Oct 75, 1978, Paper 10 p Contract No 
EC 77 A 31 1011 

The paper presents a cycle timer which enables the accurate 
follow. ng nd repetition of SAE driving schedules of stop and go 
cycles, for electric vehicles, by reducing the human factor The 
system which consists of a programmable read only memory (PROM) 
stores each of these cycles, which are detailed, on its own plug in 
card The actual vehicle speed, and the PROM indicated desired 
speed are displayed on a dual scale meter allowing the driver to 
match them A speed change is preceded by a hall second buzzer 
warning and a new cycle by a one second warning. The PROM 
controls the recycle start time as well as the buzzer activation. A 5 
volt regulator providing logic puwar, and a 1? volt dc-dc ronrerter 
providing analog and memory powei are desenbed M E .P 


N7S 12444** Boo z Allen and Hamilton Inc Cleveland Chio 
Design and Development 

PRELIMINARY POWER TRAIN DESIGN FOR A STATE OF 
THE ART ELECTRIC VEHICLE (EXECUTIVE SUMMARY) 

1 1978| 119 p 
IContract NAS3 205961 

INASA CR 1576251 Avail NTIS HC A09MF A01 CSCl 13F 
The preliminary design of a state of the ad electric power 
train u pad ot a national effod to reap the potential benefit ot use 
ful urban electric passengei vehicles Outlined in a detailed presen 
tation are 111 assessment of the state of the ad in electric vehicle 
technology 121 state of the ad powei tiam design 131 improved 
power train and 14) summary and recommendations G Y 


N7S 12949** Ford Motor Co Dearborn Mich 

EVALUATION OF ADVANCED REGENERATOR SYSTEMS 

J A Cook C A Tuonan J N Lingscheit and C J Rahnke 
Aug 19 78 39 p refs 
(Contract DEN3 8) 

(NASA CR 169422 DOE/ NASA 0008 78, 4! Avail NTIS 
HC A03/MF A01 CSCl 13F 

The matoi considerations are discussed which will affect 
the selection of a ceramic regenerative heat exchanger for an 
improved 100 HP automotive gas turbine engine The legeneratoi 
considered for this application is about 36cm in diameter 
Regenerator comparisons are made on the basis of material 
method of fabrication cost and perfoimance A regenerator inlet 
temperature of 1000 C ts assumed for performance comparisons 
and laboratory test results are discussed fo' matenal comparisons 
at 1100 and 1200 C f ngme test 'esults using the Ford 707 
industrial gas turbine engine are also discussed Author 


N79 29110** Mechamct' Technology Inc Latham N Y 

CONCEPTUAL DESIGN STUDY OF AN AUTOMOTIVE 
STIRLING REFERENCE ENGINE SYSTEM 

Jun 1979 31 p Prepared lor NASA and 001 
Contracts DFN3 32 EC 77 A 31 10040- 
NASA CR 169605 MTI ?9ASf63Rf ’A 

DOE NAS Z 0032 79 1 A,e.l NTIS Ml ASj V‘ Au’ CSCl 

13F 

The stud>es t- were made the me'hodology tha! was used 
and the results Which support the concluded rem nmendabon 
of a four cylrnde- double acting s^ua-e U devgn with eitemal 
regenerators are desinbed Optimization o' this desiy'- roncept 
resulted in a calculated fue economy of 36 3 mpy lo* a 
3200 pound vehicle compared to the prog'em goa' of 30 0 mpg 
ac.d acceleration time of 13 1 set nd* compared to the program 
goal of 16 0 seconds The engine will meet O' exceed the program 
emission goals of HC 0 4 I gram mile CO 3 4 gram mile 
and nitrogen ox-de 0 4 gram mile ARM 





N7t 31097*| Detroit Diesel Allison lndinnapol'% Ind 

CONCEPTUAL DESIGN STUDY OF AN IMPROVED GAS 
TUR9INE MOT) POWERTRAIN Report Mar Nov 1S7S 

R A Johnson Jul 1979 241 p refs Revised 
iContrtct DEN3 281 

(NASA CR 1 59604 DDA EDR 9719 DOE / NASA/ 0028 79/11 
Avail NTIS H C A11/MF A01 CSCL 13E 

Design concepts for an improved automotive gas turbine 
powertrain are discussed Twenty percent fuel economy improve 
mant lover 19761 competitive costs (initial and life cycle) high 
reliability /life low emissions and noise, safety compliance were 
among the factors considered The powertrain selected consists 
of a two shaft gas turbine engine with variable geometry 
aerodynamic components and a single disk rotating regenerator 
The regenerator disk gasifier turbine rotor and several hot section 
flowpath parts are ceramic The powertrain utilizes a conven 
tional automatic transmission The closest competitor was a single 
shaft turbine engine matched to a continuously variable transmis 
sion (CVT) Both candidate powertrain systems were found to 
be similar in many respects however the CVT represented a 
significant increase in development cost technical risk and 
production st*«: up costs over the conventional automatic 
transmission Installation of tne gas turbine powerfrj n was 
investigated for a transverse mounted front wheel drive vehicle 

k i 


N7§ 31099** Ford MotOf Co Dearborr Mich 

CONCEPTUAL DESIGN STUDY OF IMPROVED AUTOMO 
TIVES GAS TUR9INE POWERTRAIN Final Report 

Mav 1979 215 p refs Prepared m cooperation with AiResearch 
Mfy Co Phoenn An/ 

• Contracts DEN3 37 EC 7/ A 31 10401 

• NASA CR 15. '580 DOE NASA 0037 79 U Avail NTIS 
HC A 10/ ME AM CSCL 13E 

Twenty two candidate engine concepts and nineteen transmis 
Sion concepts Screening of these concepts predominantly for 
fuel economy cos! and technical risk resulted in a recommended 
powertrain consisting of a single shah angina with a ceramic 
rad>al turbme <otor connected through a differential split power 
transmission utili/my a vanahle stato» torque converter and a 
four speed automatic gearboa Vehicle fuel economy and 
performance projections preliminary design analyses and 
installation studies in a were completed A cost compa* %i»n with 
the conventional spa»k ignited gasoline engine showed that the 
turbme engine would be more expensive initially howeve' Metime 
cost of ownership is m favor of the gas turbme A wedram 
research and development plan was onstructed to gam 
information on timing and costs to achieve the required level of 
technology and demonstiate the engine in a vehicle by the year 
1983 A H H 


N 79 32129** Detroit D*esei Allison Indianapolis Ind 

SINGLE SHAFT AUTOMOTIVE GAS TURBINE ENGINE 
CHARACTERIZATION TEST Final Report 

H A Johnson Sep 19 79 103 p Prepared for NASA and 

DOE 

• Contracts Dt N3 4 fC 77 A 31 1040i 

NASA CR 159654 DDA t DM 9 790 DOf NASA 0004 79 1 
Avan NTIS HC A06 Mf A01 CSCL 1 3F 

An automotive gas turbme incorporating a single stage 
entnfugal ( omp*esso' and a Single stage 'adiai flow turbine 
s .Jest nbed Among the engine s features •% the use of wide 
range vanahle geometry at the inlet guide vanes the i.oniptes 
sor d*ff user vanes and ti e turbme mlel vanes to achieve improved 
pad luad fuel economy T iie engine a as tested to determine >ts 
performance m both the vanahir geometry and equivalent fued 
geometry modes Testing was conducted w thout the originally 
designed 'eiupe'jtur Test results were compared w th the 
ii»ed«« ted performance of the nonrei uperat've engine based on 
ranting component ny test maps Ayer ’ eM between test results 
an«i the compute' mode 1 was a< hieved A Ah 
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A79 2I277 * fi Engineering in the 2 lit century J f 

McCuthy. Jr (NASA. Lewis Research Onttr, Cleveland, Ohio! 
American Astronautics! Society. Anniversary C nference. 25th. 
Houston . Tea . Oct JO Nov 2, 19/8. Paper 78 19? 14 p 11 refs 

A description it presented of the nature of the aerospace 
technology system that might Iw expected by the 71st century fro.n 
a reasonable evolution of the rjrrent »esou»ces and capabilities An 
aerospace employnsent outloo^ is provided The years 1977 and 
1578 seem to be marking the l*»qmniny of a tier iod of stability and 
moderate growth in the aerospace industry Aerospace research and 
development employment increased to 70 000 <n 19/7 and is .tow 
occupying a near constant 18% share of thr total research and 
development work force The chanqmg job environment is Con 
sidered along with tt»e future of aerospace educahon It is 4 ound that 
one trend is toward a more interdisciplinary ‘ dot ation M.ist fiend 
setters m engineering education »ecoqni/e tfiat the reall/ challenging 
engineering problems invariably require ihe |udiCious exercise of 
several disciplines for their solution Some future trends in aerospace 
technology are discussed By thr yer,r 7000 .pace t.chnt ogy will 
have achieved maior advanc • s in fo»" are<ss -ncludmg management of 
information, transportation spar* structures, and energy G R 
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Acoustic and aerodynaaic perforsance investigation 
of inverted velocity profile coannular plug 
noxxles, cosprehensive data report, volute 2 
[ AASA-CB- 159575-VCL-2] |>0177 A79- 26885 

acoustic and aerodynaaic perforsance investigation 
of inverted velocity profile coannular plug 
noxxles, cosprehensive data report, volute 3 
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characteristics of coaxial noxxles eith inverted 
velocity profiles: Cosprehensive data report 

noxxle transfer functions 
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Bodal propagation angles in ducts eith sett sails 
and their connection sith suppressor perforsance 
[ AASA-TB-79081 ] p0173 B79-166S6 

Theory of lov frequency noise transaission through 

turbines 

( AASA-CB- 159U57] pOOiJ B79-20117 

ACOUSTIC FBOFEBTIIS 
AT ACOUSTIC IBPEDAACE 
AT ACOUSTIC VELOCITT 

aerodynaaic and acoustic effects of eliainating 
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Aerodynaaic perforsance of scarf inlets 

including acoustic advantages 

[ AASA-TB-79055 ] pOOC3 A79-19998 
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Aerodynaaic and acoustic investigation of inverted 
velocity profile coannular exhaust noxxle aodels 
and developaent ot aerodynaaic and acoustic 
prediction procedures, cosprehensive data 
report, voluae 1 

[AASA-CB- 159515] p003» A79-30185 

Aerodynaaic and acoustic investigation ot inverted 
velocity profile coannular exhaust nozzle aodels 
and developaent of aerodynaaic and acoustic 
prediction procedures, cosprehensive data 
report, voluae 2 
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inlet treatment 
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aircraft enqines and fuel systeas 
( I1S1-TB-79086] p0089 179-16136 

Generation of linear dynaaic aodels fros a diqital 
nonlinear siaulation 

[ BlSl-TP-1388] pOOOl 179-16796 

litcraft enqine suap fire aitiqatioa, phase 2 

[ IIS1-CB-135379] p0121 *79-17219 

Effects of air injection on a totbocharqed 

Telcdyne Continential Botors 1SI0-360-C enqine 
[ I1S1-TI-79121] pO 158 179-20528 

Freaixed Pretaporixed Coabustor Technoloqy forua 
( I1S1-CP-2078] pOO 19 179-29999 

Lean, prenixed, pretaporixed coabustor conceptual 
desiqn study 

p0021 179-25013 

Lean, preaixed, pretaporixed coabustor conceptual 
desiqn study 

p0022 179-25019 

In analytical and experiaental study cf sound 

propaqation and attenuation in tar iable-area ducts 

reducinq aircraft enqine noise 

[ I1S1-C1- 135392 ] [0 177 879-25895 

Enerqy efficient aircraft enqines 

[ IASl-TB-79209 1 p0022 179-27191 

Adtanced General Atiation Turbine Bnqine (CITE) 
study 

[ IAS1-CI- 159629 ] p0039 B79-29189 

Coaputerixed systeas analysis and optiaixation of 
aircraft enqine perforaance, aeiqht, and life 
cycle costs 

[ I1S1-TI-79221 ] pO 170 179-29938 

Enerqy efficient enqine fliqht propulsion systaa 
preliainary analysis and desiqn report 
[ I1S1-CB-159987] p0035 179-30189 

in otertist of USA research cn positite 
displaceaent type qeneral atiation enqines 
[ I1SA-TI-79259 ] p0029 179-31210 

IIKI1FT IfillFIIIT 

The solid state rcaote poaer controller - Its 

status, use and perspectite for aircraft and 

spacecraft 

p0099 179-10896 
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AIH\!BAFT FUEL SI SI KBS 


SUBJECT INDEX 


AIHC.IAFT FUEL SYSTEMS 

Effect of brondonod-specificntion fuels on 
aircraft engines and fuel systems 
[NASA-TH-79006] pooag N79-16136 

XIBCBXFI (DELS 

Alternative aircraft fuels 

p0090 A73-* >082*1 

Characteristics and combustion of future 
hydrocarbon fuels 

pOOgO *79-11599 

Alternative aviation turbine fuels 

p0090 *79- 12370 

lligh-froozing-point fuoln used for aviation 
turbine engines 

[ASHE PAPEB 79-CT-llll] p0090 A79-30ES5 

Analytical evaluation of the impact of broad 
specification fuels on high bypass turbofan 
ongina combustors 

[NASA-CH-159454 ] pOO.11 N79-13050 

Effect of brondcnod-opocification fuels on 
aircraft onginos and fuel system 
[NASA-TM-79086] p 0 089 H79-1613fi 

Lean, prerixod, prevaporized combustion for 
aircraft gas turbine engines 

[ NASA-TM-79 148 ] p0018 N79-23964 

Lean, promixud, prevaporized combustion for 
aircraft gas turbine engines 

[ NASA-TB-79148 ] p )01fl N79-23964 

Design and evaluation of aircraft heat source 
systems for use vith high-freezing point fuels 

tNASA-cn-159560] p0091 N79-24172 

AUtoiguition of fuels 

p0020 N79-25001 

Exporiauntnl study of lov temperature behavior of 
aviation turbine fuels in a wing tank aodel 
[ NASA-CE- 159615 ] p0091 N79-29355 

AIBCBAFT HAEABDS 

Aircraft cabin ozone measurements on U7*17— >00 and 
B747-SP aircraft: Correlations with atiosphoric 

ozona aud ozone oncounter statistics 
[NASA-TM-79060] p0008 N79-15013 

Aircraft icing 

[NASA-CP-2086] p0004 N79-23912 

Executive summary of Aircraft Icing specialists 
Workshop 

p0004 N79-23914 

A1BCBAFT IHSIBOHEBTS 
HT FLIGHT RECORDERS 

An airborne meteorological data collection aysten 
using satoliito relay /ASDAR/ 

pOOlO A79-14949 

A1BCBAFT BOISE 
KT JET AIRCRAFT NOISE 
NT SONIC BOONS 

Assessment at full sculo of nozzlo/ving geoaotry 
effects on OTM aoroacoUstic characteristics — - 
Over The King SIOl engine configurations 

p0 175 *79-39602 

AIBCBAFT PARTS 

Near of seal materials used in aircraft propulsion 
systoas 

[NASA-TN-79003] p0073 N79-12204 

Fundamentals of Gas Turbine coabustion 

[NASA-CP-2087] p0022 N79-25016 

AIBCBAFT PEBFOBBAKCE 

Effect of lip and centecbody gooaetry on 
norodynnaic performance of inlets for 
tilting-nacolle VTOL aircraft 

[AIAA PAPBB 79-0381] p0025 *79-21509 

AIBCBAFT POREB SOUBCBS 
U AIBCBAFT ENGINES 
AIBCBAFT SAFITt 

Rotor fragient protection prograa: Statistics on 

aircraft gas turbine engine rotor failures that 
occurred in US commercial aviation during 1976 
[ NASA -CR- 15947 4 J p0032 N79-18977 

AIBCBAFT SPECIF ICATIOHS 

Effect of broadened-specification fuels on 
aircraft engines and fuel systoas 
[AIAA 79-7008] p0027 *79-29383 

AIBCBAFT STBDCTOBBS 
NT AIRFBANES 
NT CENTIBBODIES 

Coapositos emerging for neropropulsion applications 

p0066 A79-53720 

AIBFOIL CHAB1CTBBISTICS 
U AIRFOILS 
AIBFOIL PBOFILBS 

Study of blade aspect ratio on a coapreascr front 


Btngo acrodynaaio aud Mechanical design report 
[ NASA-CB-159555 ] p0034 N79-23085 

Rotor redesign for a highly loaded 1800 ft/sac tip 
speed fan. 1: Aerodynamic and Mechanical 

design report 

[NASA-CB-15959C] p0Q34 N79-26055 

AIBFOIL 5 ECHOES 
U AIBFOIL PROFILES 
AIBFOIL 3UICKNBS3 
U AIRFOIL PBOFILBS 
AIRFOILS 

NT PROPELLER ELADES 
NT ROT AM NINOS 
NT III IN AIRFOILS 
NT TIP DRIVEN BCTOOS 
NT TRAILING-EDGE FLAPS 
NT MINGS 

CoMputer-aided analysis and design af the shape 
colling process for producing turbine engine 
airfoils 

[NASA-CR-159455] p0012 N79-12O07 

Airfoil cooling hole plugging by coabustion gas 
iapurities of the typo found in cool derived fuels 
[ NASA-TH-79076] pOQQ9 N79-20265 

Coaputec-aided analysis and design of the shape 
rolling process for producing turbine engine 
airfoils 

[ NASA-CR-135367] pOOOO N79-26175 

Supersonic unntallod fluttor 

p0023 N79-27 10 1 

AIRFBANES 

Aerospace Transparent Hatorials and Enclosures 
(12th) 

[ AD-A065049 ] pOOID 879-23066 

AIRLINE OPERATIONS 

Aircraft cabin ozone aoasucononts on E747-100 and 
D747-SP aircraft: correlations with atnosphocic 

ozone and ozone encounter statistics 
[ NASA-TH-79060] pOOOO N79-15013 

AITKBE NUCLEI 

Condensation-nuclei (Aitken Particle) neasurenent 
aystea used in NASA global atmospheric sanpling 
pcogran 

[HASA-TP-1415] p0157 N79-10479 

ALARMS 

B WARNING SYSTE-S 
ALCOHOLS 
NT ETHYL ALCOHOL 
NT PHENOLS 

NT POLYVINYL ALCOHOL 
ALGEBBA 

NT NONLINEAR EOUATIONS 
ALQOBITBBS 


On the distribution of computation for sequential 
decoding using the stock algoritha 

p0096 A79-33793 

Ataosphoric transformation of BUltispcctral rcaote 
sensor data — Groat lakes 


[E79-10006] p0131 N79-12524 

ALIPHATIC COBPOQNDS 
NT ACETYL COMPOUNDS 
NT CHtOHOEIHYLENE 
NT DIALLVL COMPOUNDS 
NT ETHYL ALCOHCL 
NT METHYL COMPOUNDS 
NT PBGPANE 
NT URETHANES 
ALKALI HALIDES 
NT SODIUM CHLORIDES 
ALKALI METALS 
NT LIQUID LITHI0N 
NT POTASSIUM 
ALKALIES 

NT POTASSIUM HYDROXIDES 
NT SODIUM HYDROXIDES 

An investigation of tho initiation stage of hot 
corrosion in Ni-baso alloys 

[ NASA -CH- 159 616] p0080 N79-25196 

The alkaline zinc electrode ns a mixed potential 
system 

[ NASA-TM-79235] pO 1 42 H79-29600 

ALKALINE DATTBB1ES 


Determination of tho zincate diffusion coefficient 
and its application to alkaline battery pcoblcas 

p0070 A79-11E47 

Cross-linked polyvinyl alcohol and method of 

Baking sane — - separator for alkaline batteries 
[ NASA-CASE-LEN-13 101-1 ] p0068 N79-14173 
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SUBJECT XNDXX 


analyzers 


Decay o£ tho zincnte concentration gradient at an 
nikniiuu zinc cathode after changing 
[ NASA-TN-79106] pO 137 N79-20520 

Control of voluie resistivity in inorganic organic 

separators 

[NASA-TP-1439] pQ 0 6 9 N79-22246 

Ultrafino polyhonxiiidazolc (PDI) fibers — 

separators for alkalino batteries and dfuel cello 
C NftSA-CB-15964‘1 3 P00G7 N79-31350 

Strip cell teat and evaluation prograa 

[ NASA-CIt-159652] p0 154 M79-31704 

ALKANES 
HI PROPANE 
All OIS 

MI ALUMINUM ALLOYS 

Ml DIMAGY ALLOYS 

NT DIION ZES 

Ml CAST ALLOYS 

NT CUROMIQM ALLOYS 

NT CODALT ALLOYS 

NT EUTECTIC ALLOYS 

MT BBAT HESISTANT ALLOYS 

HI HIGH STRENGTH ALLOYS 

NT HIGH STRENGTH STEELS 

NT IRON ALLOYS 

NT MANGANESE ALLOYS 

NT MOLYBDENUM ALLOYS 

NT NICKEL ALLOYS 

NT NICKEL STEELS 

NT HARE EARTH ALLOYS 

NT RBPRACTORY METAL ALLOYS 

NT RENB Ml 

NT RHENIUM ALLOYS 

NT STAINLESS STEELS 

NT STEELS 

NT TITANIUM ALLOYS 

NT TUNGS1BN ALLOYS 

NT ZINC ALLOYS 

Longitudinal shear behavior of several ozldc 
dispersion strengthened alloys 

p0076 A7 9— 14955 

Effects of yttriua, aluainua, and chroalua 
concentrations in bond coatings on the 
peirforannce of zirconia-yttria thoraal barriers 
[ M ASA -TM- 79206] p0075 N79-29293 

ALTERNATING CURRENT GENERATORS 
U AC GENERATORS 
ALTERNATORS (GENERATORS) 

U AC GENERATORS 
ALTITUDE TESTS 

Multivariable control altitude demonstration on 


tho FIDO turbofan engine 

[AIAA PAPER 79- 1 20 U ] p0029 A79-39814 

Turbine engine altitude chaiber and flight testing 
vith liquid hydrogen 

[NASA-TM-79196] p0022 N79-27140 

ALUMINA 

U ALUMINUM OXIDES 
ALUMINIZING 
U ALUMINUM COATINGS 
ALUMINOM 

An acoustic omission study of plastic defamation 
in polycrystalline nluainiui 

p0077 A79- 19458 

Ruscnance-tubo ignition of aluainua 

p0071 A79-46366 

Evaluation of aanufacturing processes for 
boron/aluainun caaposites containing 
0. 2-ao-diaaetor boron fibers 

[NASA-TH-7900U] p0062 N79-121S3 

High teapeenturo dynaaic aodulus and daaping of 
aluainua and titaniua aatrix composites 
[NASA -IN- 79080] p006 1 N79-16077 

Hear of aluainua and hypoeutectic aluainua-silicon 
alloys in boundary-lubricated pin-on disk sliding 
[NASA-TP-1442] p0074 N79-2I184 

Fabrication of J79 boron/aiuainua coapressor blades 
[ NASA -CR- 159566] p0034 N79-23970 

High-energy electron-induced damage production at 
rooa toaperaturo in aluminum-doped silicon 

p0154 N79-32662 

ALGHINUH ALLOYS 

Shear rupture of a directionally solidified 
eutectic gaaaa/gnaaa-priae - alpha /Mo/ alloy 
— for aircraft engine turbine blades 

p0077 A79-2 1 30 1 

Adhesive aaterial transfer in the erosion of an 
aluainua alloy 

[ N1SA-TB-79165] p0083 N79-27306 


soao TEH observations of A1203 scales focsed on 
NiCCAl alloys 

[HASA-XR-79259] p0076 N79-33306 

ALUMINUM D0BCI COMPOSITES 

High tasperatuce dynaaic uodulus and daaping of 
aluainua and titaniua aatrix cospositos 

p0065 A79-26132 

Fabrication and testing of nan-graphitic 
suparhybrid cospositos 

pOOGG A79-43289 

Elevated tosperature properties of boran/alusinus 
cospositos 

[ NASA-CR-159445] p0066 N79-16924 

ALUMINUM COATINGS 

Internally coated air-cooled gas turbine binding 
[NASA-CR-159574] p0034 N79-25018 

An cxporisental, low-cost, silicon 

slurry/alusinide high-tesporaturo coating for 
superalloys 

[NASA-TM-79178] p0075 N79-29292 

ALUMINUM COMPOUNDS 
NT ALUMINUM OXIDES 
NT ALUMINUM SI LICIT ES 
ALUMINUM OXIDRS 

Soao TEH observations of A1203 scales focsed on 
NiCrAl alloys 

[ NASA-TH-79259] p0076 N79-33306 

ALUMINUM SILICATES 

Coraaic applications in the odvanced Stirling 
autoaotive engine 

p0 117 A79-12851 

AMDIBHT TEMPERATUHB 

Application of ion chrosatography to the study of 
hydrolysis of soao halogennted hydrocarbons at 
aabient toaporatuces 

p0060 A79-14951 

AMDII 

U FIELD THEORY (PRYSICS) 

AMIDES 

HT POLYIMIDBS 

Electcochoaical fluorination of trichloroethyieue 
and N, N-diaothyltrif luoroacetaaido 

p0060 A79-49536 

Eloctcocheaical fluorination of trichloroethylene 
and N, N-diaethyltrif luoroacetaaido 

pOOGO A79-49536 

Electrocheaical fluorination of trichloroethylene 
and N, H-diuothyltrif luoroacetaaido 
[ NASA-XH-79 1 88 ] p0059 N79-27242 

AMINES 

High char inide-aodified epoxy matrix cosine - — 
for graphite-epoxy coaposites 

[ NASA-TH-79226 ] p0063 N79-29240 

Curing agant for polyopoxides and epoxy resins and 
coaposites cured therewith 

[NASA-CASE-LBW-13226-1] p0059 N79-31345 

AMMETERS 

NT HICROMILLI AH METERS 
AMPERAGE 

U ELECTRIC CURRENT 
AMPLIFICATION 
NT POWER GAIN 

AMPLIFIERS 

NT MICROWAVE AMPLIFIERS 
ANALOG COMPUTERS 
NT UNIVAC 1100 SERIES COMPUTERS 

Energy-state formulation of luaped voluie dynaaic 
equations with application to a simplified free 
piston Stirling engine 

p0 187 A79-49532 


ANALYSIS (MATHEMATICS) 

NT BURGER EQUATION 
NT FINITE DIFFERENCE THEORY 
NT FINITE ELEMENT METHOD 
NT INTERPOLATION 
NT LOGARITHMS 
NT MONTE CARLO METHOD 
NT NONLINEAR EQUATIONS 
NT NUNERICAL ANALYSIS 
NT NUHEBICAL INTEGRATION 
NT SERIES (MATHEMATICS) 

Analytical core loss calculations for magnetic 
materials used in high freguoncy high pover 
converter applications 

[NASA-TM-79234] p0098 N79-31499 

ANALYTIC GROHBIBI 
NT ELLIPSES 

ANALYEHHS 

NT ENGINE ANALYZERS 
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A M AT Oft T 


SUBJECT non 


AMAXOaX 

NT EVE (ANATOMY) 

NT HUMAN BODY 

ANBHOHETSY 

U VELOCITY MEASUREMENT 
ANGLES (GEOMETRY) 

NT GRAZING INCIDENCE 

Modal propagation angles in a cylindrical duct 
with flow and their rolation to sound radiation 
[AIAA PAPES 79-0183] p0l74 A79-19582 

Modal propagation angles in ducts with soft walls 
and their connection with suppressor porforsanco 
[AIAA PAPES 79-0624] p0 175 A79-26880 

ANGOLAS DISTRIBUTION 

Modal propagation angles in a cylindrical duct 
with flow and their rolation to sound radiation 
[HASA-TH-79030] pO 172 N79-15756 

Nodal propagation angles in ducts with soft walls 
and their connection with suppressor perforsanco 
[ NASA-TM-79081 ] p0173 N79-16646 

ANISOTROPY 

Anisotropic friction and wear of single-crystal 
■anganese-zinc £n,:lto in contact with itself 
[ NA3A-TP- 1339 ] p01]3 N79-10425 

Anisotropic friction, deformation, and fracture of 
single-crystal Bilicon carbide at roos tesperaturo 
[NASA-TP-1S25] p0084 N79-30380 

ANNEALING 

influence of cosposition, annealing treatsent, and 
texture on the fracture toughness of 
Ti-5Al-2. Ssn plate at cryogenic tosporatures 

p0077 A79-24262 

Reverse annealing in radiation-damaged, silicon 
solar cells 

p0144 N79-32660 

Annealing of radiation dawage In 0.1- and 
2-ohs-contlsotor Silicon solar cells 
[ NASA-TE-1 559 ] p0 144 H79-33572 

ANNULAR FLOW 

An oxporlwontal investigation of forced sixing of 
a turbulent boundary layer In an annular diffuser 
■ — for boundary layer control 

[ NASA-TM-791 71 ] p0004 N79-23920 

ANNULAR NOZZLES 

A jet exhaust nolBe prediction procedure for 
inverted velocity profile connnular nozzles 
[AIAA PAPES 79-0633] p0178 A79-28964 

Porforsanco of a vortex-controllod diffuser in an 
annular swirl-can cosbustor at inlot Mach 
nusbors up to 0.53 

[ NASA-TP- 1452] p0 0 17 N79-22099 

Acoustic and aerodynawlc performance investigation 
of inverted velocity profile coannular plug 
nozzles, cosprehensive data report, volume 1 
[ NASA-CB- 1 59575- VOL- 1 ] p0177 N79-26884 

Acoustic and aerodynasic perforsanco investigation 
of lnvorted velocity profile coannular plug 
nozzles, comprehensive data report, volume 2 
[ NASA-CH-159575-VOL-2] p0177 N79-26885 

acoustic and aorodynamic perforsanco investigation 
of inverted velocity profile coannular plug 
nozzles, comprehensive data report, volume 3 
[ NASA-CB- 159575-VOL-3] p0 1 77 N79-26886 

Aerodynamic and acoustic investigation of inverted 
velocity profile coannular exhaust nozzle models 
and development of aerodynamic and acoustic 
prediction procedures 

[BASA-CR-3168] p0035 B79-31212 

ANNULI 

Stiffness of straight and tapered annular gas path 
seals 

[ASME PAPEB 78-LUB-1 8] p0118 A79-23235 

ANODES 

Advanced technology light weight fuel cell program 

for space power applications 

[NASA-CE- 159653] p015S N79-33581 

ANOMALIES 

Thermal anomalies of the transmitter experiment 
package on the communications technology satellite 

[ NASA-TP- 1410 ] p0044 N79-21120 

Geosynchronous satellite operating anomalies 
caused by interaction with the local spacecraft 
environment 

P0050 N79-24049 

ANTENNAS 

NT AIHCBAPT ANTENNAS 
NT BADIO ANTENNAS 
NT SLOT ANTENNAS 


ANTIFRICTION BBABII03 
NT BALL BEARINGS 
NT ROLLER BEARINGS 

Some loads limits and self-lubricating properties 
of plain spherical boatings with molded graphite 
fiber-reinforced polyiside liners to 320 C 
[ ASLE PBEPBINI 78-LC-5C-2] P0118 A79-23251 

Method of making bearing saterials — 
self-lubricating, oxidation resistant coaposites 
for high temperature applications 
[ NASA-CASE-1KN-1 1930-4 ] p0062 N79-17916 

ANTI REFLECTION COATINGS 

A brief survey of the solar cell state-of-the-art 

p0052 H79-10130 

APPLICATION 
U UTILIZATION 

APPLICATIONS PROGRAMS (C0HPU7BRS) 

Extension, validation and application of the 
NASCAP code 

[ NASA-CB- 159595 ] pOlOO *79-27397 

APPROXIMATION 

NT FINITE DIFFERENCE TUEOHX 
NT FINITE ELEMENT METHOD 
AQUEOUS SOLUTIONS 

Method of cross-linking polyvinyl alcohol a.nd 
other water soluble rosins 

[MASA-CASE-1EH-13 103-1] p0068 N79-14172 

ARC DISCHARGES 

Effects of arcing duo to spacecraft charging on 
spacecraft survival 

[NASA-Cfl-159593] P0100 N79-25312 

First principles nuserical model of 
avalancho-lnducod arc discharges in 
electron-irradiated dielectrics 

[ NASA-CB- 159560 ] pO 101 N79-28418 

ARC BEATING 

Applications of thorsal energy storage to process 
heat and waste heat recovory in the iron and 
steel industry 

[ NASA-CB-1 59397 ] p0151 N79-11473 

ARGON 

Inert gas ion source progras 

[ NASA-CB- 1594 23 ] p0056 N79-10120 

ARIP (IMPACT PREDICTION) 

U COMPUTERIZED SIMULATION 

ARRAYS 

NT SOLAR ARRAYS 
ARSENIC COMPOUNDS 
NT GALLIUM ARSENIDES 
ARSENIDES 

NT GALLIUM ARSENIDES 
ARTIFICIAL SATELLITES 
NT AERONAUTICAL SATELLITES 
NT ATS 5 
HI ATS 6 

NT COMMUNICATION SATELLITES 
NT COMMUNICATIONS TECHNOLOGY SATELLITE 
NT NOAA SATELLITES 
NT ORBITAL SPACE STATIONS 
NT SYNCHRONOUS SATELLITES 

Laser power conversion system analysis, volume 1 
[NASA-CR-159523-VOL-1] p0112 N79-21334 

ASHES 

Chemically frozen multicomponent boundary layer 
theory of salt and/or ash deposition rates from 
combustion gases 

p0078 A79-S0912 

ASPECT RATIO 
NT LON ASPECT RATIO 

Effects of diffusion factor, aspect ratio and 

solidity on overall performance of 14 compressor 
middle stages — - the effects of varying both 
diffusion through the rotor and compressor 
blades and blade aspect ratio 

[NASA-TP-1523] p0038 N79-33210 

ASPIRATION 
U VACUUM 

ASSNBBLI LANGUAGE 

Interactive debug program for evaluation and 
modification of assembly-language software 
[ NASA-TP-1441 ] p0166 H79-21798 

ASSESSMENTS 

NT TECHNOLOGY ASSESSMENT 
A5TR0L0Y (TRADEMARK) 

Interpolation and extrapolation of creep rupture 
data by the Minimum commitment Method. I - 
Focal-point convergence. II - ObligUe 
translation. Ill - Analysis of multihcats 

p0077 A79-1603U 



SUBJICT INDEX 


AUTOMOBXLI ENGINES 


A3I1CNONICAL O83B1VAT0IX13 
NX HEAO 

mis UBICN VIBICLIS 

ttlas 5013 tank corrosion tost 

[ NASA-CB-158760 ] p0050 N79-27234 

atnosfnibic absonntion 

D ATHOSPHEBIC 1TTBNOATIOB 

ATN03PNBRIC ATTENUATION 

coaputatlon of ataospherlc attenuation of sound 
for fractional-octave bands 

[NASA-IP-1412] p0173 M 79—17659 

ATH03PNIBIC CI1NXSXBI 

Exporiaontal evidence of intochesispheriC 
transport froa airborne carbon aonoxide 
aeasucQionto 

pOISG 179-30942 

AXHOSPNBNIC C0NP03ITX0N 
NX ATMOSPHERIC flOISXORB 

An analysis of the first two rears of GASP data 
— Global Ataospherlc Saapllng Progras 

p0 160 A79- 1S0G8 

Slsultaneous aeasuceaents of ozone outside and 
inside cabins of too B-747 airliners and a Gates 
learjet businoss jet 

pOOOO A79-27571 

Moasureaents of carbon aonoxide, condensation 
nucloi, and ozone on a D 747SP aircraft flight 
around the world 

p0 158 A79-31332 

NASA Global Ataospherlc Saapllng Prograa (GASP) 
data report for tapes VL0010 and VL0012 
£ NA5A-TH-7906 1 ] p0 157 N79-15450 

AXNOSPBBNIC IFFRCT3 

Lubrication and failure aechanisas of aolybdenua 
disulfide files. 1: Effect of ataosphare 

£ NASA-TP-1343 J pOOei N79-13158 

ATHOSPHNIIC INPOBXTIBS 
0 AID PCUD1ION 
ATHOSPHNIIC NODBLS 
NT OXNAHIC MODELS 
AXHOSPHBNIC BOXSXOBB 

Fretting wear of iron, nickel, and titaalua under 
varied environaental conditions 

[ NASA-TM-78972) p0073 N79- 12203 

AXHOSPHBNIC PBI3ICS 

High power phase locked laser oscillators 

£ NASA-CR-159630] p0 1 12 N79-32538 

ATHOSPHNIIC RADIATION 
NT SKI RADIATION 
ATNOSPHBNIC THHPIBAXOBB 

Fretting wear of iron, nickel, and titaniua under 
varied environaental conditions 

[NASA-TM-78972] p0073 N79-t2203 

ATHOSPBINIC TDNBOLINCB 

Experiaental clean coabustor prograa: Phac* 3: 

Turbulence aeasureaent addendua 

£ NASA-CB-135422] p0031 N79-12008 

AIOHIIATION 

D ATOHIZING 
ATOHIIING 

Atoaixation of water jets and sheets in axial and 
swirling airflows 

[ASHE PAPER 79-GT-170] pOIOG A79-30556 

Atoaixation of water jets and sheets in axial and 
swirling airflows 

£ NASA-TH-79043] p0102 N79- 12362 

Nodoling of proaixing-prevaporixing fuel-air 
aixing passages 

pO0 19 179-24998 

Perforaance of a aultiple venturi fuel-air 

preparation systea fuel injection for gas 

turbines 

p0020 N79-25000 

AIOHS 

NX UIDROGBN AIOBS 

ATS 

NX ATS 5 
NT ATS 6 

ATS 5 

Suaaary of the two year NASA prograa for active 

control of ATS-5/6 environaental charging 

wit h a theaionic election source and a plasaa 
source 

p0047 N-79-24006 

ATS 6 

suaaary of the two yaar NASA prograa for active 

control of ATS-5/6 environaental charging 

with a theaionic electron source and a plasaa 
source 


p0047 N79-24006 

Operations of the ATS-6 ion ongine 

W 0049 N79-24007 
ng of AI3-6 
p0049 N79-24008 

ATTACK AIRCRAFT 

NT F-15 AIRCRAFT 
NT F-102 AlfiCBAPX 
NT IF- 12 AIRCBArX 
AXIBNDAXION 

N1 ACOUSTIC ATTENUATION 
NT ATHOSP1IEBIC ATTENUATION 
NT SHOCK NAIE ATTENUATION 
NX NA7I AII2NUmON 
ATTITUDE (INCLINATION) 

NT IAN 

Variation of solar coll sensitivity and solar 
radiation on tilted surfaces 

p0 1 46 A79-41023 

ATXNITION (HATBNIALS) 

U COHBINUXIGN 
AUDIXOIT PBBCBPXION 

Loudness of steady sounds - A new theory 

p0 176 A79-39975 

Overall loudness of steady sounds according to 
theory and experiaent 

[NASA-BP-1001] pO 163 N79-25753 

AUDIXOBI 3XIHULI 

Overall loudness of steady sounds according to 
theory and experiaent 

[ NASA-HP-1001 ] p0163 N79-25753 

1UGBS 3P1CXI0SC0PI 

Auger spectroscopy analysis in adhesion, friction 
and Near studies 

pO'IIO A79-10992 

Augor spectroscopy analysis of lubrication with 
zinc dialkyldithiophosphate of several aetal 
coabinations in sliding contact 

[NASA-IP-1489] p0083 B75-273O0 

Evaluation and augor analysis of a 

zinc-dialkyl-dithiophosphate antiwear additive 
in several diester lubricants 

[NASA-TP-1544] p0084 N79-32359 

ADGHBNTATION 
NT IBBUST AUGBBNTATION 

Loan Stability augaentation study 

p0021 N79-25007 

ADTOHATIC CONTROL 
NT ADAPTIVE CONTROL 
NT DINAHIC CONTROL 
NX FBBDBACK CCNTBCL 
NX NUBBRICAL CONTEOL 
NX OFF-ON CONTROL 
NT OPTIMAL CONTROL 

Microprocessor control of a wind turbine generator 
£ NASA-TH-79021 ] p0134 N79-12548 

AUTOMATIC PATTERN BKCOGNITION 
U PATTERN RECOGNITION 
AUXOHAXIC ROCKET IMPACT PRBDICTOSS 
U COMPUTBRIZBD SIMULATION 
AUIONOBILB ENGINES 

Effect of inlet teaperature on the perforaance of 
a catalytic reactor 

p0070 A79-1 1542 

Ceraaics for the advanced autoaotive gas turbine 
engine - A look at a single shaft design 

p0 1 17 A79-12850 

Ceraaic applications in the advanced Stirling 
autoaotive engine 

p0 117 A79-1285 1 

Correlations of catalytic coatustor perforaance 
parameters 

p0070 A79-14956 

Initial coaparison of single cylinder Stirling 
engine coaputer aodel predictions with test 
results 

£SAE PAPBH 790327 ] p0 1 19 A79-31368 

Cold-air perforaance of free power turbine 

designed for 112-kilowatt autoaotive gas-turbine 
engine. 2: Effects of variable 

stator-vane-chord setting angle on turbine 
perforaance 

£ NASA-IH-78993 ] p0017 N79-17859 

Evaluation of ceraaics for stator application: 

Gas turbine engine report 

I NASA-CE-159533] p0033 N79-21075 

Conceptual design study of an autoaotive Stirling 
reference engine systea 

£ NASA-CR-159605] F018B N79-29110 
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AUTOMOBILE FUELS 


SUBJECT INDEX 


Conceptual design study of an Icpcovod Gas Xucblna 
(IGT) powertrain 

[NASA-CR-159604] p0169 N79-310Q7 

Conceptual design study of improved autosotiver 
gas turbino powertrain 

[NASA-CB-159580] p01B9 N79-31088 

Singlo shaft automotive gas turbine ongine 
characterization test 

[NASA-CR- 159654] p0189 N79-32129 

AUTOBODILE FURLS 

AUtosatiwe Stirling angina development progras 

[ NASA-CR-159436] ’ p0120 N79-11406 

AUTOMOBILES 

Stirling onginos foe autosobiles 

[NASA-TH-79222] p0142 E79-28726 

AUXILIABI COWEB SOUBCBS 
NT SPACE POWER REACTORS 
AUXILIABI PROPULSION 

Liquid oxygon/liquid hydrogen boost/wano pusp for 
the advanced orbit trffu^for vqhicles auxiliary 
propulsion syates 

[NA3A-CR-159648] p0057 N79-31341 

AVALANCHES 

First principles numerical acdol of 
avalanche-induced arc discharges in 
electron-irradiated dielectrics 

[NASA-CB- 159560] p0 101 N79-28418 

AVIONICS 

Experisental evidence of interhesispheric 
transport fros airborne carbon sonoxide 
aeasuresents 

pOISB A79-38942 

AXIAL COMPRESSORS 
U TURBOCOHPRBSSOBS 

AXIAL FLOR 

Unsteady flow in a supersonic cascade with 
subsonic loading-edge locus 


p0005 A79-16047 

Atosization of water jets and sheets In axial and 
swirling airflows 

[ ASME PAPER 79-GI-17Q] pQ106 A79- 30556 

Aerodynamic performance of a 1.35-pressure-ratio 
axial-flow fan stage 

[ NA SA-TP- 1299 ] p0002 N79-10022 

AXIAL FLCR COHPHBSSOBS 
U TUBBOCOHPRESSOBS 
AXIAL FLOW PUMPS 
NT TURBINE PUMPS 
AXIAL FLON TURBINES 


Effect of rotor tip clearance and configuration on 
overall performance of a 12. 77-contimetvr tip 
diameter axial-flow turbine 

[ASME PAPER 75-GT-42] p0027 A79-30521 

Cold-air performance of free power turbine 

designed for 112-Kilowatt automotive gas-turbine 
engine. 2: Effects of variable 

stator-vano-chord sotting angle on turbine 
per formance 

[NASA-TH-7B993] p0017 N79-17859 

TACT 1: A computer program for the transient 

thermal analysis of a cooled turbine blade or 
vane cguippod with a coolant insert. 2. 
Programmers manual 

[ NASA-TP-1391] p0103 N79-18288 

Aerodynamic performance of 1.38-Fressure-ratio, 
variable-pitch fan stage 

[ NASA-TP-1502] p0024 N79-31213 

Aerodynamic porformaace of axial-flow fan stage 

operated at nine inlet guide vane angles to 

be used on vertical lift aircraft 
[NASA-TP-1510] pOC24 N79-31214 

Flow In nonrotating passages of radial inflow 
tuc biflG s 

[ NAS A-CH- 159679 ] p0035 N79-32212 

AXISIHHBTBIC FLOW 
NT ANNULAR FLOW 
AXLBS 

U SUAFTS (MACHINE ELEMENTS) 

AZINBS 

Catalytic trincrization of aromatic nitriles and 
triaryl-s-triazine ring cross-linked high 
temperature resistant polymers and copolymers 
made thereby 

[ NASA-CASB-1EW- 12053-2] p0083 N79-28307 


B 

BALA ICING 

Laser balancing demonstration on a high-speed 


floxible rotor 

[ ASHE PAPER 79-GT-56] p0123 A79-32351 

An introduation to a unified approach to flexible 
rotor balancing 

[ASME PAPER 79-GT-161] pO 124 A79-32423 

Experiments ou multiplane balancing using a laser 
for material removal 

[NASA-CH-3105] P0121 N79-17228 

BALL BIASINGS 

The practical impact of elastohydrodynamic 
lubrication 

p0 117 A79-11545 

Gcaphito-fibor-roinforcod polyimido liners of 
various compositions in plain spherical bearings 

p0 1 17 A79- 16678 

Filtration effects on ball bearing life and 
condition in a contaminated lubricant 
[ASME PAPER 78-LUB-34 ] p0118 A79-23246 

Elastohydrodynamic film thickness seasuresents of 
artificially produced surface dents and grooves 
— on fatigue failure r'f bearings 
[ASLE PREPRINT 70-LC-1A-1] pOIIB A79-23267 

Two-dimensional random surface model for 

asperity-contact in elastohydrodynamic lubrication 

p0 120 A79-39811 

iwo-di’ionsionnl random surface model for 

asperity-contact in elastohydrodynamic lubrication 
[NASA-TM-79006] pOIIS N79-23430 

Forcographlc analysis of wear debris from 
full-scale bearing fatigue testa 

[ NASA-IP-1511 ] p0 116 N79-31605 

comparison of predicted and measured 
elastohydrodynamic film thickness in a 
20-millimater-bora ball bearing o 

[ NASA-TP-1542] p01 16 , N79-32552 

Correlation of asperity contact-time fraction with 
elastohydrodynamic film thickness in a 
20-millimoter-bore ball bearing 

[ NASA-TP-1547] p0 116 H79-33476 

BANDPASS FIL3BBS 

Eeynolas number, scale and frequency content 
effects on F-15 inlet instantaneoue distortion 
[AIAA PAPER 79-0104] p0005 A79-19533 

BANDWIDTH 

NT SPECTRA1 DINE WIDTH 
BANG-BANG CONTROL 
U OFF-ON CONTROL 
BADDBRN APPROXIMATION 
U DARBIER LAXERS 
U ELECTRICAL PROPERTIES 
U SURFACE PROPERTIES 
BABIUH 

A proposed physical model for the impregnated 
tungsten cathode based on Auger surface studies 
of the Ba-O-W system 

p0070 A79-39972 

BARRIER LAXERS 


NASA thermal barrier coatings: 

[ NASA-TH-79053] 

BATTERIES 

U ELECTRIC BATTERIES 
BAITBRX CBARGBRS 

Effect of positive pulse charge 


life of nickel-zinc cells 
[ HASA-TM-792 15] 

BATIERI SEPARATORS 
0 SEPARATORS 
BEAM CURRENTS 


summary and update 

p0015 N79-15048 


waveforms on cycle 
p0142 N79-28728 


Physical processes in directed ion beam sputtering 
[ NAS A-CB- 159567 ] p0182 H79-26943 

BEAN WAVEGUIDES 

Definition of mutually optimum NDI and proof test 
criteria for 2219 aluminum pressure vessels. 

Volume 3: Applications to rail defect evaluation 

( NASA-CE-135447] p0125 N79-21412 

BEAMS (WADIATION) 

NT ELECTRON REAMS 
Nit ION BEAMS 
NT PARTICLE BEAMS 
NT PHOTON BEAMS 
BEAMS (SUPPOETS) 

NT CANTILEVER BEAMS 
BBAMSBAPING 
U CCLLI NATION 
BEARINGS 

NT ANTIFRICTION BEARINGS 
NT RALL BEARINGS 
NT FOIL BEARINGS 
NT GIB BEARINGS 
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BOUNDARY LAYERS 


NT JOURNAL BEARINGS 
HI RCLLEB BEARINGS 
NT THRUST BEARINGS 
DEEDING FATIGUE 

pcopoaed design procedure for transNisnion 
shafting under fatigue loading 

pOl 17 A79-1495Q 

Bond strengths of ronotion fcondqd silicon nitride 
prepared fro* dry attrition silled silicon powder 
f.NASA-TH-79230] p0084 N79-3U379 

DhRYLLIUH 

Titaniua/berylliua laainatos » Fabrication, 
secbanioal properties, and potential aerospace 
applications 

p0064 A79-20836 

BIBLIOOHAMIBS 

Conceptual design of thersal energy storage 
systoss for near tars electric utility 
applications. Voluse 2; Appendices - screening 
of concepts 

[ NASA-CR- 1594 1 1-V0L-2 ] p01S2 N79-13497 

DHABI ALLOTS 

sose properties of loN-vapor-pressuro braze alloys 
for thorslcnic converters 

p0076 *79-13 100 

Thersal expansion of sose nickel and cobalt 
spinels and their solid solutions 

p0 1 86 A79-50233 

Thu friction and wear of sotals and binary alloys 
in contact with an abrasive grit of 
ainglo-crystal silicon carbide 

[NA3A-IM-79131] p0075 N79-22274 

DINAR! CODES 

on the distribution of cosputation for seguential 
decoding using the stack algorithm 

p0096 A79-33793 

DINAR! MIIIDHBS 
NT EDTECTIC ALLOYS 
DINAR! SISTERS (DIGITAL) 

B DIGITAL SYSTEMS 
DINAR! SISTEBS (MATERIALS) 

NT BINARY ALLCYS 
NT EUTECTIC ALLOYS 
BIOMEDICAL DATA 

intraocular pressure reduction and regulation systoa 
[ NASA-TM-791B7] p0 165 N79-28B81 

DIOTECBNOLOOY 

Mechanical and choslcal effects of ion-texturing 
bioscdical poiysers 

CNASA-TM-792453 pOOB 4 H79-31391 

BIPROPELLANIS 

U LIQUID ROCKET PROPELLANTS 
BIT SYNCHRONIZATION 

Multiple speed expandable bit synchronizer 

[NASA-TH-79262] P0010 N79-33185 

BITEHHAHY CODE 

Multiple speed expandable bit synchronizer 

£NASA-TM-79262] pOOID N79-3318S 

DLACK BODY RADIATION 

Introduction: Thersal Radiation in Industrial 

Planes 

pO 104 N79-22415 

BLADE TIPS 

Synthesis of blade flutter vibratory patterns 
using stationary transducers 

pO 127 A 79-10823 

Effect of rotor tip clearance and configuration on 
overall porfornance of a 12.77-centiseter tip 
diaseter axial-flow turbine 

£ASME PAPER 79-GT-42] p0027 A79-30S21 

Effect of rotoc tip clearance and configuration on 
overall porfornance of a 12.77-centiseter tip 
diaseter axial-flow turbine 

CHASA-TM-79025] p0002 N79-12015 

Containsont of cosposito fan blades 

[NASA-CR-158168] p0032 H79-18978 

JT8D revised high-pressure turbine cooling and 
other uuter air seal progran 

[ NASA-CB- 159551 ] P9033 N79-21076 

Tone noise of three supersonic helical tip speed 
propellers in a wind tunnel 

[ HASA-TM-79167] P0174 N79-25840 

Developnont of a plnsaa sprayed cerasic gas path 
seal for high pressure turbine applications 
[ NASA-CR- 159669] pG122 N79-31502 

SLADIfS 

Hind tunnel tests of a blade subjected to aidchord 
torsional oscillation at high subsonic stall 
flutter conditions 


[ NASA-TM-70998 ) P0002 N79-12016 

BLENDS 
U HIX1USES 
BLOCKING 

Effects of flaseboldec blockage on esinsions and 
perfornance of lean presixed-prevaporized 
cosbustore 

p0021 N79-2S006 

BLOHING 

Porforsanco of a V/STOL tilt nacelle inlet with 
blowing boundary layer control 

[AIAA PAPER 79-1163] p0006 A79-47347 

BLOWOUTS 

Modelling turbulent flasa ignition and blowout 

pO 021 N79-2500B 

BODIES Of DEVOLBIION 
NT CONICAL BODIES 
NT CYLINDRICAL BODIES 
DOBING AIRCRAFT 
NT DOBING 747 AIRCRAPT 
DOBING 747 AIRCRAFT 

Sisultanoous neasurasonts of ozone outsido and 
insido cabins of two E-747 airliners and a Gatos 
Learjet business jet 

pOOOfl A79-27S71 

Aircraft cabin ozone soaauresents on B747-100 and 
D747-SP aircraft: Correlations with ataosphcric 

ozone and ozone encounter statistics 
{ NASA-TR-79060] pOOOB H79-15013 

BOILING 

NT FILM BOILING 
BONDINO 

NT ADHESIVE BONDING 
NT CERAMIC BONDING 
NT METAL BONDING 
NT METAL-BBTAL BONDING 
BORON 

Sole properties of an advanced boron fibor 

p0086 *79-21297 

Mochanisio of boron fiber strengthening by thocial 
treationt 

pOO«5 A79-30396 

Sone properties of an advanced boron f-jor --- 
high strength, splittablo fibers 
I NASA-TH-79065] p0061 N79-16076 

Fabrication of J79 boron/aluainua coapressor blades 
[ RASA-CR-159566] p0034 N79-23970 

Reverse annealing in radiation-dasaged, silicon 
solar cells 

p0144 N79-32660 

BORON REINFORCED MATERIALS 

Evaluation of aanufacturing processes for 
boron/aluainua coaposites containing 
0. 2-sa-diaaoter boron fibers 

[ NASA-TM-79000] p0062 N79-12153 

Hechanisas of boron fibor strengthening by therial 

treataent 

[NASA-TM-79077] p0062 H79-20 186 

BOUNDARIES 
NT GRAIN EOUNDABIES 
BOUNDARY LAYER CONTROL 

Perforianco of a V/stol tilt nacelle inlot with 
blowing boundary layer control 

[AIAA PAPER 79-1163] p0006 A79-47347 

An experiaental investigation of forced nixing of 
a turbulent boundary layer in an annular diffuser 
for boundary layer control 

l NASA-TM-79171 ] p0004 N79-23920 

Perforaanco of a V/STOL tilt nacelle inlet with 

bloving boundary layer control 

{ NASA-TM-79176] p0004 N79-27093 

BOUNDARY LAYBR EQUATIONS 

Cheaically frozen mlticoaponent boundary layer 
theory of salt and/or ash deposition rates froa 
coabustion gases 

p0078 A79-50912 

BOUNDARY LAYER FLOH 
NT BOUNDARY LAYER SEPARATION 
NT SECONDARY FLOW 
BOUNDARY LATER NOISE 
□ AERODYNAMIC NOISE 
U BOUNDARY LAYERS 
BOUNDARY LATER SEPARATION 

Self stabilizing sonic inlet 

[ NASA-C AS E-LEW- 11890-1] p0011 N79-24976 

BOUNDARY LAYERS 
NT TURBULENT BOUNDARY LAYER 

Full-coverage file cooling: 3-diaensional 

■easureaents of turbulence structure and 


ORIGINAL PAGIJ IS 
POOR QUALITY 


A- 11 



boundary lubrication 


SUBJECT XIDEX 


prediction of recovery region hydrodynaiics 
CHASA-CR-3104] p0 106 N79-22428 

Hoot transfer to a full-coverage, fils-cooled 
surface with coiFOund-nngle (30 dog and 45 deg) 
hole injection 

[NASA-CB-3103] p01Q7 N79-22429 

BOUND1BY LUBRICATIOR 

Boundary lubrication, thernai and oxidative 
stability of a fluarinated polyotber and a 
perf luoropolyetbec triazino 

CHS S TH-79064] pOOBI N79-15185 

Uenr c* aluninun and hypoeutoctic aluainua-ailiccn 
alloys in boundary-lubricated pin-on disk sliding 
£ NASA-TP-1442 ] p0074 H79-21184 

BOH SHOCK HAVES 
0 SHOCK HAVES 

BBAKJ'S (rOB ARRESTING BOtXOR) 

NT TRAIL1NG-EDGE FLAPS 
BBAXIOH CYCLE 

Kinl-EBU/BIPS 1300 watt (sub) e dynanic power 

conversion systoi dovolopnont j Executive suaaary 

[ HASA-CR- 15944 0 ] p0 150 N79-10526 

Hini-BRO/BXPS foil bearing developaent 

[ N AS A-CB- 159442 ] p0110 H79-11407 

Analysis, design, fabrication and testing of tbe 
sini-Brayton rotating unit (Nini-BBU) . volune 
1: Text and tables 

[NASA-CB-159441-VCL-1] p0120 H79-11408 

Analysis, design, fabrication and testing of the 
Mlni-BCayton rotating unit (ttlHI-BBU) . Voluse 
2* riguros and drauinga 

C HASA-CR- 15944 1-VOL-2 ] p0 120 H79-11409 

Design and fabrication of the Hini-Brayton 
Recuperator (Men) 

C HASA-CR- 159429 } p015t H79-11476 

Hini-Brayton boat source assesbly develofnent 

[ HASA-CB- 159447] p0 15 1 H79-12E54 

Benefits of solar/fossil hybrid gas turbine syatois 
C NASA-Id-79083 ] p0 134 H79-15410 

Evaluation of a Brayton cycle recuporator after 
21,000 hours of ground testing 

[NASA-TM-79091] p0074 N79-20217 

Brayton-cycle component characteristics 

p0140 H79-26479 

Candidate power-conversion syutea cycles, appendix A 

p0 140 H79-26484 

BRAZING 

Sobo properties of loM-vapor-prossure braze alloys 
for thotiionic converters 

p0076 *79-13100 

BBEAK1HAX 

0 BOUNDARY LAYBR SEPARATION 
BROADCASTING 

Connunications technology satellite: United 

States expedients and disaster coasunications 
applications 

[NASA-TH-791Q9] p0044 N79-23999 

BBOHIHE 

supply of reactants for Redox bulk energy storage 
systens 

[ HASA-TH-78995 ) p0133 N79-11479 

BRONZES 

Properties and perforsance of fino-filasent 
bronze-process Nb3sn conductors 

p0 180 A79-20529 

BUBBLES 

Condensation on a noncollapsing vapor bubble in a 
subcoolcd liguid 

[NASA-TH-79212] p0105 N79-27461 

BUILDING MATERIALS 
U CONSTRUCTION MATERIALS 
BUILDING STRUCTURES 
U BUILDINGS 
BUILDINGS 

Fuel coll on-site integrated energy systes 
paranetric analysis of a residential cosplex 

p0146 A79-14947 

Feasibility of detersining flat roof beat losses 
using aerial tberaography 

p0131 A79-51 095 

Coaparison of fuel-cell and diesel integrated 
energy systens and a conventional systea for a 
500-unit apartment 

[ NASA-IH-79037 ] p0134 H79-15403 

BULK HODUIUS 

Full-scale engine tests of bulk absorber acoustic 
inlet treatsent 

[HASA-TH-79079] p0173 N79-16645 


BURGER EQUATION 

Filtering of non-linear instabilities — fros 
finite difference solution of fluid dynasloB 
equations 

p0 100 A79-32912 

BURNERS 

Progress on Variable Cycle Bngines 
£ AXAA PAPEB 79-1312] p0036 A79-40759 

BURNING 
U COMBUSTION 
BURNING PROCESS 
U COMBUSTION 
BUTTERFLY VALVES 
NT DAMPERS (VALVES) 

BYPASSES 

A throat-bypass stability-bleed systeii using 
relief valves to increase the transient 
stability of a Hixed-cospressioc inlet — XF-12 
aircraft inlet tests in the Lewis 10 by 10 ft 
supersonic wind tunnel 

£ NASA-TP-1 003 ) p 0 0 2 3 N79-28176 

c 

C BAND 

Global disaster satellite coasunications syste* 
for disaster assesssont and relief coordination 

p0095 A79-30394 

CASH ATMOSPHERES 

Siaultaneous seasureaents of ozone outsido and 
inside cabins of two B-747 airliners and a Gates 
Learjet business jet 

pOOOO A79-27571 

Aircraft cabin ozone aeaaureaents on D747-100 and 
B747-SP aircraft: Correlations with ataoaphetic 

ozone and ozone encounter statistics 
[ NASA-TM-79060] pOOOB R79-15013 

CADMIUM NICKEL BATTERIES 
U NICKEL CADMIUM BAIIEBIES 
CALCULUS 

NT SERIES (MATHEMATICS) 

CALIBRATING 

An in-place recalibration technique, to extend the 
tesperature capability of capacitance-sensing, 
rotoc-blade-tip-cloaranco seasuresent oysteis 
[SAE PAPEB 781003] p0026 A79-25885 

Condensation-nuclei (tit ken Particle) aeasuresent 
systes Used in NASA global atsoapberlc sampling 
progras 

[MASA-IP-1415] p0157 N79-18479 

CAMS 

Cas-operatod pitch-change apparatus 
[ NASA-CISE-LBW-13050-1 ] p0014 N79-14095 

CANOPIES 

Aerospace Transparent Materials and Enclosures 
<12th) 

£ AD-A005049] p0018 N79-23066 

CANTILEVER BEAMS 

Cantilever aounted resilient pad gas bearing 

[NASA-CASE-LBH-12569-1] p0113 N79-10418 

Operating characteriatics of a cantilever-sounted 
resiiiont-pad gas-lubricated thrust bearing 
[NASA-TP-1438] p0115 N79-22518 

CANTILEVER BERBERS 
NT CANTILEVER BEAMS 
CANTILEVER NIROS 
0 WINGS 

CAPILLARY CIRC0LAXIO1 
U CAPILLARY FLCH 
CAPILLARY FLON 

Study of liguid and vapor flow into a Centaur 
capillary device 

[NASA- CD- 159657 ] ; )08 N79-33432 

CAPTIVE TESl.i 
NT STATIC TESTS 
CARBAMATES (TR/iDBIAHE) 

NT URETHANES 
CARBIDES 

NT SILICON CABBIDES 
NT TITANIUM CABBIDES 
CARBON COMPOUNDS 
NT FLUOBOPOLYMEBS 
NT HALOCARBOMS 
NT SILICON CABBIDES 
NT TITANIUM CABBIDES 

Mochanisas of graphite fluoride /CFx/n lubrication 

p0006 A79-31249 

CARBON FIBER REINFORCED PLASTICS 

Sose loads Halts and self-lubricating properties 
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CB8AHIC COfXXNOS 


of plain spherical bearings with noldod graphito 
fiber-reinforced polyinido liner* to 320 C 
[ AOLE PREPRINT 7B-LC-5C-2] p0118 A79-23251 

Stability of FHR-polyinido aonoaor solutions 

p0086 179-31041 

Effoc to of gw /' to fiber stability on the 
proportion of MR polyialdo coapoaitoa 

pOO 66 A79-43309 

Effects of graphito fiber stability on the 
properties of pun polyiaide coapositoa 
[NASA-TH-79062] PQ061 1179-10075 

Stability of PHR-poiyiaid* aonoaor solutions 
[NASA-TH-79063] pO 002 N79-16921 

Curing agent for polyopoxides and epoxy resins and 
cos poai toB cured therewith 

[ NASA-C AS E-LEV- 13226- 1 ] p0<59 N79-313*)5 

CAHBOI FIBERS 

Ronin/fibor therao-oxidative interactions in PHR 
polyaido/graphite conpositos 

[ NASA-TH-79093 J p0062 1179-16920 

Polyiaido propreg aatorial having iaproved tack 

retention — polyiaidc-graphito fiber coapoaitea 
[ HASA-CASE-LBR- 12933-1 ] P0059 N79-24061 

CARBON HOROZIDE 

Noasureaentn of carbon nonoxide, condensation 
nualoi, and ozono on a D 7473P aircraft fligbt 
around the world 

p0 156 A79-31332 

Bxporinontnl evidence of intorhoaisphcric 
transport froa airborne carbon aoooxido 
auasuroaents 

P0156 179-38942 

Carbon nonoxido aeaaureaont in tho global 
ataospheric aaapling progra'i 

( NASA-TP-152G] p0156 H79-31 8*4 1 

CARBONACEOUS BOCKS 
NT COAL 
CARUORIZXNO 

Evaluation of COS 600 carburized steel as a gear 
aaterial 

[NASi-TF-1390] p0 1 1*4 M79- 1*4389 

CARRIER EBEQOENCIBS 

Carrior: Interference ration for freguency 

□haring between satellite systems transaitting 
freguency nodulated and digital television signals 
[NASA-TH-79265] p0094 N79-33379 

CABB1EB flOBILIT I 
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Jesign study 

p0022 *79-25014 

Eipetiaental Clean Coabustor Prograa (ECCP) , phase 3 

coaaercial aircraft turbofan engine tests 

■ith double annular coabustor 

[ IASA-CB-I35J84 ] p003S *79-31207 


A- 7 7 



POLLOTIO* BOIITOBIRG 


SUBJECT IEDII 


POL LOTI OM EOIITOEIIG 

Global sensing of gaseous and aerosol trace 

species uslnq automated Instrumentation on 747 
airliners 

pOIIO 179-15067 

Tattern recognition aethods and air pollution 

source identification based on eind direction 

p0 158 179-15079 

Measurements of carbon monoxide, condensation 
nuclei, and ozone on a B 747SP aircraft flight 
around the vorld 

p0 156 179-3 1 332 

lirborne ataospheric sampling systea 

pOC12 179-50333 

Condensation-nuclei (litken Particle) measurement 
system used in 11S1 global ataospheric sampling 
program 

[ E1S1-TP-1415) pO 157 *79-18479 

1 summary of research on tbe ElSl-Global 

Itaospheric Sampling Program perforaed by the 

itaospheric Sciences Research Center ozone 

transport theory 

[X1S1-C 9- 159614] pO 159 *79-27716 

Carbon monoxide measurement in the global 
ataospheric sampling program 

[ 11S1-TP-1526] p0 158 179-31841 

POL! 1H1DE BES1IS 
*T KEVLAR (TRIDEBARK) 

POLTBEISIBIDIZOLE 

Oltrafine polyfcenziaidazole (PB1) fibers 

separators for alkaline batteries and dluel cells 
[B1S1-CB- 1596*4] p 0067 *79- 31 350 

POLTCBIST1LS 

In acoustic eaission study of plastic deformation 
in polycrystalline aluminium 

p0077 179-19456 

Bethod for the preparation of inorganic single 
crystal and polycrystalline electronic materials 
[ *431-ClSE-ILE-025*5-1 ] p0164 *79-21910 

POLYETBEB BESIIS 

Boundary lubrication, thermal and oxidative 
stability of a fluurinated polyether and a 
per fluoropolyether triazine 

[ »lSl-TH-790b4 ) p0081 *79-15185 

POLf ETHTLEIES 

Effect of sterilization irradiation on friction 
and «ear of ultrahigb-aoiecular-meight 
polyetnylene 

[ B1S1-TP-1462] p0082 *79-2321b 

Infrared analysis of polyethylene meat specimens 
using attenuated total reflection spectroscopy 

effects of radiation on the surface 

properties of materials for total joint protbeses 
[ *ESA-TB-792ib ] pOOej *79-29329 

POLY X BID E BESIIS 

Stability of PBB-polyimide monomer solutions 

p0066 179-31041 

characterization of PBS polyisides - Correlation 
of ester iapurities vitb composite properties 

p0066 179-43265 

Effects of graphite fiber stability on the 
properties of PBR polyimide composites 

p0066 179-43309 

Composites emerging for acropropulsion applications 

pO 066 179-53720 

Effects of graphite fiber stability os the 
properties of PSP polyiside composites 
[ msi-TH-79062] !>0C61 *79- 16075 

Characterization of PH* po’yimides: Correlation 

of ester iapurities mith composite properties 
( I1S1-TB-79068] p0061 B79-16916 

besin/fiber therao-ondat iee interactions in PB6 
polyside/graphite composites 

[ BASA-TB-79091] p0062 *7-16520 

Stability of Pflt-poly inide monomer solutic** 

[IESI-TB-79063] pOC62 *79- 16921 

Polyimide prepreg material having improved tack 

retention polyiaide-graphite fiber composites 

[ *isi-cisi-tr»- 12933- 1 ] pOC59 179-24061 

POLTIflIDIS 

Craphlte-fiber-reinforced polyiside liners of 
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179-50139 

SBBToaacaiBiSBS 

Predicting dynaaic perforaauce liaits for 

seevosystens eith saturating nonlinear ities 
( II SA-TP-1988 ] p0038 179-28186 

SHIFTS (E1CBIBE BLEBBBTS) 

BT TOBB iSHiFTS 

Shaft seal asseably for high speed and high 
pre: sure applications 

[ BAS1-CASI-LEB-11873-1 ] p0115 B79- 22975 

Design . ud application of a test rig for 
super-c. itical poeer trassaisslon shafts 
[B1S.-VI-31S5] pO 122 B79-31t03 

SB1LE oil 

Alternative aircraft fuels 

p0090 179- 10829 

SHEA R LITERS 

Scattering and distortion of the unsteady notion 
on transversely sheared aean flovs 

pOlOh 179-37190 

SBElfi PBOPBRT1BS 

BI SHEAF STREHGTH 

Shear rupture of a directionally solidified 
eutectic gaaaa/gaaaa-priae - alpha /Bo/ alloy 

for aircraft engine turbine blades 

p0077 179-21301 

5HBA E ST7EBCTF 

Long it mil j«r shear behavior of several otide 
dispersion strengthened alloys 

p0076 179-10955 

Use of an ultrasonic- acoustic tecbnigue for 
nondestructive evaluation of fiber cosposite 
str rngtb 

p0069 179-15595 

Shear rupture of a directionally solidified 
uutectic gasxa/gasaa prise - alpha (Bo) alloy 
[ B1S1-TB- 79118 j p0073 179- 12205 

SB El B STRESS 

BT TORS I0B1L STRESS 

SHELLS { STRUCTURAL FORES) 

BT THIB BILLED SHELLS 

Beta l spar/superhybnd shell composite fan blades 

for application to turbofan engms 

[ BiSl-CR-ISgsg# ] p0067 B79- 30295 

SHIIL0IBG 
BT BEiT SR1ILD1BC 

Feasibility of ving shielding of the airplane 
interior ftoe the shock noise generated by 
supersonic tip speed propellers 

[ B1S1-TH-79092) pj17i 179- 15757 

SHIPS 

Radar isage processing of real apetture SL1R data 
for the detection and identification of iceberg 
and ship targets 

pOUl 179- 3o5 J 7 

BHF doanlinr cosnucication systea for SL1R data 

[IASA-TB-79169] pOOS« I79-2331J 

SBOCB DlfvnSElS 
U DIFFUSERS 

U SHOCK BATE UTEBUITIOR 
STOC1 RESIST! BO t 
BT 1 BRACT BESISTIBCE 
SBOCl TESTS 

Effect of shocks on fils cooling of a full scale 
turbojet erbaust noxtle having an external 
eipanston surface 

( BI SA-TH- 79 187 J pOCIC B79- 239bt 

Effect of shocks on fils cuoiing ol a full scale 
turbojet eihaust noxtle having an external 
expansion surface 

[BIS* T B - 79157 J p0018 B 79-239nn 

5HOCR Bi V 8 i.TERUATIOB 

High speed saoke floe vi suai i xat ion for the 
Jet t-i stcation of cascade shock losses 
[lilt P IF ? I 79-0092 ] p0005 * 79- 19995 

Feasibility of eing shielding of the airplane 
interioi tros the shock noise generated by 
supersonic tip syeed propellers 

( BAS1-I9-19092 ] pO 1 72 S79- 1575) 


SHOCE BABES 

BT SOEIC BOOBS 

Celculation of the three-diaeosional flos field m 
supersonic inlets at angle of attack using a 
bicharacter lstic aethcJ slth discrete shock «ave 
fitting 

[AHA PAPER 79-0379] p0025 179-19698 

Lov-tucbulence high-speed vind tunnel for the 
determination of cascade shock losses 
[ ASBE PAP ER 79-CT- 129 ] p0039 A79-32398 

Effect of shocls on tils cooling of a full scale 
turbojet eihaust noxtle having an external 
expansion surface 

[All! PAPER 79-1170] p0028 A79-38969 

SHORT HAUL AIRCRAFT 

Application of digital controls on the guiet clean 
short haul experimental engines 

[A1AA RIPER 79-1203] p0029 179-38989 

wCSEE - The key to future short-haul air transport 

Quiet, Clean, Short-Haul Experinental Engine 

progran 

pOOiO A79-50208 

SHORT TAIIOPP AIRCRAFT 

As.essaent at full scale of noxxle/vinq geometry 

effects on OTB neroacoustic characteristics 

Over 1 he Ring STOl engine configurations 

p 0 175 A79-39802 

Ring aerodynasic loading caused by jet-induced 
lift associated vith STOL-OTB configurations 
[ Alii PAPER 79-1669] pOOOfc 179-97396 

Assessnent at full scale of noxzle/ving geosetry 

effects on OTB aero-acoustic characteristics 

short takeoff aircraft noise 

[ BASA-TB-79168] p0179 B79-2S891 

Bing aerodynasic loading caused by jet-induced 
lift associated kith STCL-CTB configurations 
j BASA-TB-79218] p0009 B79-28196 

SHORT BABE RADIATIOI 

BI BILRGRAVE ER1SSXOB 
BT BILLIBETER BATES 
SHROUDED BODIES 
U SHROUDS 
SHROUDED TURB1IE5 

Cosposite seal for turboiachinery — - backings for 
turbine engine shrouds 

( BASl-CkSE-LEB- 12131- I ] p0!19 B79-13316 

SHROUDS 

Cosposite seal for turboiachinery backings for 

turbine engine shrouds 

[ BASA-CASE-LEB- 12131- 1 ] p0114 B79-1H3I8 

SHUBTS 
U BIPASSES 

SIC (COEFFICIIBT) 

D SIROCinRAl 1 BFLUEBe £ COEEFICIIBTS 
SIDE— LOOBI BO IADAR 
B. RADAR IBAGFEI 

Radar laage processing of real aperture SLAE data 
(or the detection and identification of iceberg 
and ship targets 

CD131 179-36537 

THE dovnlink cosnuu icat ion systea to, S1AF data 

pU045 179-51097 

S1GIAL ABAIISIS 

Ciaputer signal processing fet ultrasonic 
attenuation and velocity measurements for 
■aterrai property characterisations 

pO 125 179-39805 

S1GBAL PBOCISSIIG 

On the distribution of computation for seguential 
decoding using the stack algoritbs 

p0J96 179-33793 

Coaputet signal processing lot ultrasonic 
attenuation and velocity aeasuienents for 
natcital property cha r actet ixa t. ions 

pO 125 179-39809 

Computer signal processing tor ultrasonic 
attenuation and velocity nrasurenents tor 
aatenal property cha t actet izat ions 
[ B1SA-TB-79180 J f 0 127 B75-29359 

Slum TRABSRISSIOI 
BI Dili 1RAB3B1SS10B 
BT fllcRcBAVF TN IB5BIS 1CB 
BT S1TUHTF TRISSBISSIOB 
SILICATES 

BT ALDBIkila illKATBS 
5XL1CCB 

Beat of aluiinun and hypoeutectic aluaiuua-xilicor 
alloys in boundary lubricated pin-on disk sliding 
I 9*„A-TP-1992 ) pC07n 179-21189 
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SILICOI CARBIDES 
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The NASA Lents Research Center progran in space 

solar cell research and technology efficient 

silicon solar cell deeelopaent progran 

p0143 *79-32641 

Liaiting process in shalloe junction solar cells 

pO 1 50 *79-32646 

Design of high eff ciency BLE solar cells for 
space and terrestrial applications 

pO 194 *79-32647 

Applications of ion inplantation to high 

perforaance, radiation tolerant silicon solar 
cells 

pO 1 43 179-32646 

SILICOI CARBIDES 

High teaperature dynaaic aodulus and daaping of 
aluainua and titaniua natriz coaposites 

p0065 *79-26132 

Friction and fracture of single-crystal silicon 
cartide in contact nith itself and titaniua 

p0086 *79-32 149 

High velocity burner rig oxidation and theraal 
fatigue behavior of Si3*4- and SIC base ceraaics 
to 1370 deg C 

[ IASA-TB- 79040 ] p0082 *79- 16984 

Friction and near nith a single-crystal atrasife 
grit of silicon carbide in contact nith iron 
base binary alloys in oil: Effects of alloying 

eleaent and its content 

[ RiSA-TF-1394 ] p0114 *79-17227 

The friction and sear of aetals and binary alloys 

in contact nith an abrasive grit of 
single-crystal silicon carbide 

[ IASA-TR-79131 ] p0075 179-22274 

Fatigue behaxior of Sic reinforced titaniua 
coaposites 

[ NASA-TB-79223] p0064 179-30296 

Anisotropic friction, deforaation, and fractuce of 
single-crystal silicon carbide at rooa teaperature 
[ M*S*-TP-1525] p00«4 *79-30360 

Evaluation of silicon carbide f iber/tita ciua 
coaposites 

[ liSA-TB-79232] p0G64 *79-31349 

SILICOI COBPOOIDS 
MI ALOHIMOfl SILICATES 
MI SILICOI CARBIDES 
IT SILICOI RITBICES 

Effect of oxygen-nitrogen ratio on sinterability 

of Sialons 

[ IAiA-TE-1382 ] p0082 179-21204 

Modules of rupture and oxidation resistance of 
S12. 55*10. 6C0. 72*3. 52 sialon 

( MASA-TP-1490) p0083 *79-27309 

SILICCI JOICTICIS 

Photon-degradation effects in terrestrial silicon 
solar cells 

pO 149 179-42545 

SILICOI I1TR1DE5 

Ceraaic blade attachaents for turbine rotors 

pO 123 179- 12646 

Ceraaics tor the adaanced autoaotire gas turbine 
engine - A look at a single shaft design 

pO 1 17 *79- 12850 

Consolidation of Si 114 by hot isostatic pressing 

p0086 179-32931 

High Telocity corner rig oxidation and the aal 

fatigue behaaior of Si3N4- and SIC base ceraaics 
to 1370 di j t 

[ IASA-TH- 79040] p0082 *79-16984 

State-of-the-art of SiAlu* aaterials conferences 

( *ASA-Tf1-79;07 J pOC84 179-30378 

Bend strengths of reaction bonded silicon nitride 
prepared froa dry attrition ailled silicon poader 
[ MASA-TH-79230 J pOQ64 179-30379 

Deaelopaent of SillCh aaterials 

[ I* SA-CH- 169675 ] pO067 *79-33256 

SILICOI FOLTREIS 

Mechanical and cheaical eflects of i-text ur i n g 

tiosedical polyaers 

( IASI-TM-79245] p0064 *79-31391 

SILICOI SOLAR CELLS 
0 SCLAR CELLS 
SILICOII ZIIG 

in ex per l ae nt a 1 , lcv-co-t, silicon 

slurry/aluainide high- teaperature coating fcr 
supera 1 toys 

[hASA-TM- 79178 ] p0075 R79-29292 

SILVER 

Fabrication and testing of nilTer-hydrogen cells 
( IASA-CR-159431 ] pC 152 179- 16374 


Fabrication and testing of silter-hydrogen cells 
( RASA-CR-159490] pOIS2 179-16375 

SILVI* 0I1DI I1IC BATTERIES 
0 SILVER 1IIC EATTEIIES 
SILVER sue aitsuns 

Development of single-cell protectors for sealed 
silver-xinc cells 

[IASA-CE-1S9407] p0151 179-12550 

Iaproaed, loa cost inorganic-organic separators 
for rechargeable silver-zinc batteries 
[ IASA-IP-1476] p0069 *79-25181 

SIlILAIItl TBR0RIB 

Application of the principle of siailarity fluid 
aechanics 

[ IASA-TI-79258] pOIOS 179-30515 

Theraophysical property data: *ho needs then? 

( IASA-TB-79241] p0090 *79-31403 

SIIOLATIOI 

IT COIFOTERIZED SIIOLATIOI 
IT C0ITB01 SIBOLATIOI 
IT DIGITAL SIBOLATIOI 
IT FLIGBT SIBOLATIOI 
IT SPACE FIVIBOIHEIT SIBUL11I0R 
SIIDLATOIS 

HI CONTROL SIMULATION 
IT ElVIBOIflENT SIBOLATORS 
SIIGLE CIISTALS 

Friction and fracture of single-crystal silicon 
carbide in contact nith itself and titaniua 

p0086 179-32 149 

Friction and Tear of single-crystal •~nganese-zinc 
ferrite 

pO 185 *79-34994 

Anisotropic friction and near of single-crystal 
aanganese-zinc ferrite in contact aitb itself 
f llSA-TI-1339] p0113 179-10425 

Friction and near of single-crystal aanganese-zinc 
ferrite 

[ I13A-TH-78S60) p0184 *79-16699 

Method for the preparation of inorganic single 
crystal and polycrystallinc electronic aaterials 
[ IASA-CASE-ILE-02545-1 ] p0184 *79-21910 

S1I7EIIIG 

Effect of oxygen-nitrogen ratio on sinterability 
of Sialons 


[ IASA-TP-1382 ] p0082 *79-21204 

Development of SiAlOl aaterials 

[ IASA-CE-159675 ] p0067 *79-3325e 

SAT RADIATI0I 

Exaluation of aodels to predict insolation on 
tilted surfaces 

pd150 *79-53491 

SLAGS 


Perforaance characteristics of a slagging gasifier 
for HHD ccsbustor systess 

[ IASA-IB-7S195 ] p0142 *79-30720 

SL1EIIC FB1CT10I 

1 coaparison of the lubricating i -ebamsss of 

graphite fluoride and aolybdenut disulfide filas 

p0085 A79-16659 

Dcxelopnent of surface coatings fcr 

a ir-1 ubr icated , cospiiant journal beatiegs to 
650 C 

[ISLE FREFBIIT 78-LC-3C-1] p0123 *79-23252 

Elastchydtodynasic fill thickness neasurenents of 
artificially produced surface dents and grooves 

on fatigue failure of bearings 

[ ASIE PREP RUT 78-LC-1A-1] p0118 *79-232b7 

Friction and fracture of single-crystal silicon 
carbide in contact aith itself and titaniua 

p0096 A79-32 149 

friction and seat of single-crystal aanganese-zinc 
ferrite 


pO 185 *79-34994 

The e fleet of nitrogen ion (*(♦)) inplantation on 
the friction and sear cbatacter istics of iron 
( »*S*-TB-79029J p0073 B79-12201 

Friction and transfer of copper, silver, and gold 
to iron in the presence of various adsorbed 
sutface flits 


[ **S»-TF-1392] p0114 R79-14386 

Fnctnn and Teat characterise* cs of iion-ckroaina 
alloys ia contact eith thenselfes and silicon 
carbide 

[ **S*-TP-1387] pOllh l?9- 14387 

Friction and near Tith a single-crystal abras've 
grit of silicon carbide In contact nith ir^n 
base binacy alloys in oil: Effects of alloying 

eletect and its content 
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SOLU CILLS 


[ NlSA-TP-1 194 ] pOIIM *79-17227 

The friction and near of uetals and binary alloys 
in contact aith an abrasite grit of 
single-crystal silicon carbide 

[ >aSi -TH- 79131 ] p0075 <79-22274 

Effect of steriliiation irradiation on friction 
and sear of ultrahigh-uolecular-veight 
polyethylene 

[ NAS1-TF-1462) f 0 082 179-23216 

Anisotropic friction, deforaation, and fracture of 
single-crystal silicon carbide at rooa tenperature 
( NAS1-TP-1525] p00e« 179-30380 

Lubricating and sear aechanisas for a henisphere 
sliding on polyia<de-bonded graphite fluoride filn 
tS4SA-TP-1524 J p0084 <79-30381 

Surface cbeaistry of iron sliding in air and 
nitrogen libricated aith heiadecaoe and 
hciadecane containing dibenzyl-dilsulfide 
[ MS1-TF-1545] p 0059 I79-313U6 

Evaluation and auger analysis of a 

zinc-dialtyl-dithiophosphate antiaear additive 
in several diester lubricants 

[ N1SA-TP-1544 ] pOOeu <79-32359 

SLIP BABES 
0 BOOK DISLOCATIONS 

SLOT ABTEIBAS 

DBF coplanar-slot antenna for 

aircraf t-to-satellite data coanunicaticns 
[ NASA-TB-79239] pOOlO <79-31185 

SLOTTIO AITBBBAS 
U SLOT ANTENNAS 
SB-65 BISSILt 
0 ATLAS LAUBCU VEHICLES 
SODI OB CBLOEIDBS 

The role of <aCl in flaae cheaistry, in the 
deposition process, and io its reactions aith 
protective oxides as related to hot corrosion 

p007 1 A79-49534 

The role of <acl in flane cheaistry, in the 
deposition process, and in its reactions aith 
protective orides as related to hot corrosion 
( BASA-TH-79225] p0C6S <79-28250 

The cheaistty of sodiun chloride involveaent in 
processes related to hot corrosion — - in gas 
turbine engines 

i < A SA-TH- 7925 1 ] p0069 <79-313e1 

SODIDB COBPOOHDS 
<T SODI UB CBLCBIDES 
<T SODIDB HTCEOIILES 
NT SODIDB HITBATES 
NT SODIDB SOL Fills 

Hass spectroaetric investigation of the 

vaporization of sodiun and potassiun chrosates - 
Preliminary results 

p007 1 A79-A9533 

Hass spectroaetric investigation of the 

vaporization of sodiua and potassiun chroaates: 
Preliainary results 

( HASA-TH-79210] p0065 <79-27279 

SODI OH HTDBO XIDES 

HaOH-based high teapetatute heat -ol -f usion theraal 
energy storagr device 

pO 155 179-13136 

rhase change theinal storage for a solar total 
nerqy systev 

p0155 179-17321 

Development of a p hast -change theraal storage 

systea using aodrfied anhydrous sudiui hydroiide 
for solar electric poaer generation 
( NASA-CB-15946S ] pO 153 <79-19*5» 

SODIDB HITBATES 

Puase change theraal storage tor a solar total 
energy systea 

pO 155 179- 17321 

SO hi 0B S0LF11BS 

The role of Nad in flaae cheaistry, in the 
deposition ptocess, and in its reactions vith 
protective oxides as related to hot corrosion 

p0071 179-49534 

Fiperliental studies of the r or aa t ron/deposit ion 

of sodiua sulfate m/(roa coabustion gases 

hot corrosion in gas turbine engines 
[ HASi-CR- 15*612] pOC7. <79-25183 

hiperiaental studies of the f or aat ron/d« posit ion 

of sodiua sulfate in/froa coabustion gases 

hot corrosion 

[ NASA-CB- 159611 ] pooeo <79- 25 184 

SODI <n S0LP0B BATTEN IBS 

Feasibility study for a secondary <a/S littery 


[ BASA-CR- 159469 ] p0152 <79-17330 

SOFTBABI (COBPOTBBS) 

0 CCBEDTEB PBOGEABS 

SOLAB ABBAIS 

Status of araparound contact solar calls and arrays 

tor spacecraft electric propulsion 

p0054 A79- 10014 

Large space systen - Charged patticle environaent 

interaction technology effects on high 

voltage solar array perforaance 

[ AIAA 79-0913] p0055 A79-34775 

An inverter/controller subsystea aptiaized for 
photovoltaic applications 

pO 1 48 179-4 1047 

Evaluation of nodels to predict insolation on 
tilted surfaces 

pOlbO A79-53 49 1 

Closed Loop solar array-ion thruster systea aith 
poaer control circuitry 

l BASA-CASE-LBB- 12780-1 ] p0052 <79-20179 

Effect of parasitic plasaa currents on solar-array 
poaer output 

p0047 <79-24025 

Test results for electron beaa charging of 

fleiible insulators and composites solar 

acray substrates, honeycoab panels, and thin 
dielectric filas 

p0048 <79-24031 

A nethod for correlating perforaance data ot a 
terrestrial solar cell array 

[ BASA-TB-79163] p01*0 <79-26503 

Silicon solar cells for space use: Present 

perforaance and trends 

p3 1 54 <79-32t5" 

Seduced poaer processor teguireaents for the 30-ca 
diaseter Hg ion thruster 

[ IASA-TB-79257] p0054 <79-33253 

SOLAB CBLLS 

Status of arap'tound contact solar cells and arrays 

for spacecraft electric propulsion 

p0054 179-10014 

Oltraviolet irradiation at elevated teaperatures 
and theraal cycling in vacuua ol FEF-A covered 
silicon solar cells 

p0l48 179-40890 

Preliainary evaluation of glass resin saterials 

lor solar cell cover use on spacecraft 

p0055 A79-40984 

Endurance testing ot first generation /Elock 1/ 
ccaaercial solar cell aodules 

pO 148 179-41022 

Variation of solar cell sensitivity and solar 
radiation on tilted surfaces 

pGl48 179-41023 

Design and fabrication of a photovoltaic poaer 
systea lor the Papago Indian Village of 
Schuchuli /Gunsight/, Arizona 

pO 1 48 179-41089 

Description and status of < 151-LeBC/CGf 

photovoltaic applications systems riperisents 

pG 1 48 179-41091 

Photon degradation effects in terrestrial sclar 
cells 

pO 1 49 179-41098 

1 heton-degradat ion elects in tettrsttial silicon 
solar cells 

pO 149 179-4.545 

DV blocking filteis for polyseric tills 

pOOHB 179-51103 

1 brief survey ot the solar cell state-of-the-art 

p005. <79-10130 

Application of semiconductor dlffusants to solar 
cells by screen printing 

l <1SA-C1SE-IE<- 12775-1 ] pOIJJ <79-11468 

Blocb 2 s.'ar cell sodule environien l .1 test progtaa 
[ NASA- B- 59393 ] f0151 179-13490 

Ionized dopant concentrations at the heavily doped 
sutface of a siliccn solar tell 

( NASl-TF- 1 347 ] p0 1 84 179-13806 

Pact vail solar cell 

i 11SA-CASI-LE8-122J6-2] p0!J4 <79- 14528 

Re t hod for fabricating solar calls having 
integrated collector grits 

l V1S1-C1S2-LEN-12B19-2] p0136 <79-18444 

Epltazial sola r -cell fabrication, phase 2 

J NAS1-CB-135350 ] p0152 <79-19448 

Harket definition studies for photovoltaic highvay 

applications 

[ <1S1-Ca-159477] pO 15. <79-19451 
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An invest inat Loo of the adhesive bonding of Teflon 
solat cell covets 

[ 1ASA-CR-159565 J p0153 179-26506 

High voltage surface-charged environment test 
results ftoa space flight and ground siaulation 
experiments 

( 1AS1-TB-79184 ] p00*3 179-27235 

Alternate methods of applying diffusants to 

silicon solar cells screen printing of 

thick-film paste Materials and vapor phase 
transport from solid sources 

[ 1ASA-CS-159508J p0153 179-29603 

Solar Cell High Efficiency and Radiation Carnage, 

1979 

[ 4ASA-CP-2097] p0143 179-32640 

The RASA Levis Research Center program in space 

solar cell research and technology efficient 

silicon solar cell development program 

p0 143 179-32641 

Limiting process in shallos junction solar cells 

pQ 154 179-32646 

Design of high efficiency HLE solar cells for 
space and terrestrial applications 

pO 154 *79-32647 

Applications of ion implantation to high 

performance, radiation tolerant silicon solar 
cel Is 

pO 1 43 179-32648 

Open-circuit voltage inproveaents in 
los -resistiv ity solar cells 

pO 143 179-32649 

Bodeling of thin, back-vall silicon solar cells 

pO 143 *79-32650 

Thin cells for space 

p0154 *79-32652 

High efficiency cell gecaetry 

pO 143 *79-32653 

Silicon solar cells for space use: Present 

performance and trends 

pO 1 54 *79-32654 

Radiation daaage in high-voltage silicon solar cells 

pO 144 179-32658 

Reverse annealing in radia t ion-daaaged, silicon 
solar cells 

pO 1 44 *79-32660 

High-energy electron-induced daaage production at 
room temperature in aluminum-doped silicon 

pO 154 *79-32662 

Temperature and intensity dependence of the 
performance of an electron-irradiated 
(AICa) As/GdAs soiar cell 

pO 144 179-32665 

Shallos-homo junct ion Ga As solar cells 

pO 144 *79-32666 

Sunnary of GaAs Solar Ceil Ferforaancc and 
Radiation Daaage Horn shop 

pO 1 44 *79-32669 

Annealing of radiation daaage in 0.1- and 
2-ohs-centiaeter Silicon solar cells 
[ 1ASA-TI-1559’ fO 144 179-31572 

SOLA 8 COLLECTORS 

*aOH-based high temperature heat-of-f usion thermal 
energy storage device 

pO 155 A 79- 10106 

A aobile apparatus for solar collector testicg 

(ASHE PAPER 79-0E-5] p0150 A79-47f c 1 

Solar cells having integral collector grids 

[ SASA-CASf-LEB- 12619- 1] pO 1 33 179-11467 

Solar cell collector and sethod tor producing sane 
[ 1ASA-CASE-L71- 12552-2] p0133 179-11472 

Design investigation of solar posered lasers fer 
space applications 

[ BASA-CE- 159554 ] pO 1 1 1 179-26384 

SOLA I C01VRBTBBS 

0 SOLAR GE* EBAICBS 
SOLA* ELECTRIC PROPDL5LOI 

Status of vraparound contact solar cells and arrays 
- — for spacecraft electric propulsion 

pQ 054 A79- 10014 

Increased capabilities of the 30-ca diameter Hg 
ion thruster 

( A I AA 79-0910] p0055 A79-34774 

Description of A 2.3 kl poser transforaer for 
space applications 

p0099 A79- 34991 

Closed Loop solar array-ion thruster systes sith 
poser control circuitry 

i IASA-C15E-LEE- 12780- 1 ] pOOS2 1 79-20 1 /9 


CTS-type variable conductance heat pipes for SIP 
PB/FF0 

[ 1ASA-CI-159550] p0107 179-22434 

A thermal control approach for m molar electric 
propulsion thrust subsystem 

I 1ASA-TB-79175] p0043 179-27236 

SOLAR 1III6I 

Storage systems for solar thermal Foser 

p014S A79-10106 

Optimum dry-cooling sub-systems for a solar air 
conditioner 

[ EASA-TB-79007] p0133 179-11477 

Social and econonic impact of solar electricity at 
Schuchuli Tillage 

[ EASA-TB-79194] p0139 179-25501 

An eipanded system simulation model for solmr 
energy storage (technical report) , volume 1 
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p007 2 179-33288 
15G-3052 

p0072 179-23168 
ISG-3066 

p0035 179-32212 
ISG-3082 

pO 130 179-19414 
1SG-30B6 

pO 179 179-19828 
pO 182 179- 26943 
ISG-3087 

p0 150 679-47651 
■SG-3094 

pO 179 179-18711 
■5G-3097 

p0049 179-24046 
1SG-3107 

p0078 *79-50912 
■SG-3131 

pO 186 179-11921 
15G-3 133 

p0005 *79-19495 
p0028 *79-32329 
1SG-3134 

p0 15 3 179-20487 
1SG-3138 

pO 159 179-27716 
1SG- 3 148 

p0020 179-24999 
ISC-3150 

pC049 179-24007 
p0049 179-24008 
ISG-3160 

pO 166 *79-40494 
ISG-3166 

p0049 179-24038 
I5C-3169 

p0072 179-25163 
p0080 179-2518. 
■SC-3179 

p0067 179-30294 
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pOIJO 179-31627 
ISO- 3 186 

p0182 679-26189 

ISO-3218 

pOOeO 179-25196 
*SG- 505 1 

p00S8 479-51911 
■SG-7317 

p012 1 479-17226 
600140-73-C-005 

p0031 979-11068 
■001 40-74-C-0759 

p003 1 179-11068 
P60J1C1 SQUID 

p 008 5 479-21295 
p0038 479-21296 
8794(0288 

pOQJ4 979-25020 
■ -7405-E1G-26 

p0145 479-10101 
p0122 *79-25395 
8-74 05-BIC-92 

p0185 479-20539 
198-10 pOI 57 979-18479 
pOI 56 *79-22654 
p0156 *79-31841 
p0008 *79-33171 
505- p* p0022 *79-25022 
505-01 p0082 *79-21204 
p0166 *79-23688 
p0063 179-28234 
505-01-12 

p0067 *79-33258 
505-02-12 

p0067 *79-31348 
505-03-22 

p0031 *79-12088 
505-04 p0002 *79-10022 
p0013 179-10060 
p0 1 13 *79-10424 
pOOl* *79-13046 
p0081 *79-13158 
pOOdl *79-13159 
pO 1 13 »79-133b9 
pO0 15 *79-14098 
pOO 15 *79-1*099 
p0017 *79-16852 
pO 109 *79-17195 
p0173 *79-17659 
p0103 *79-18288 
p0114 *79-18323 
p0082 *79-21205 
p 01 11 *79-21329 
pO ■ 1 5 *75-22518 
pOOId *79-23967 
p0022 179-25023 
p0023 *79-27142 
p0023 *79-27143 
p0023 *79-28177 
p0024 179-30191 
p008* 179-30381 
p002* *79-31213 
p0024 *79-31214 
pOI 16 *79-31605 
p0038 *79-33210 
p0 1 1 1 *79-33*76 
505-04-22 

p003* *79-23085 
p0107 *79-28456 
505-04-42 

p0 1-2 *'’9-31602 

505- 05 p0097 *79- 14309 

p0003 *79-14996 
pOOOl *79-16796 
p0166 *79-21798 
p0038 179-29186 

506- 10 p0082 *79-23216 
506- 16 pO1 1 3 *79-10425 

pO 1 1 4 *79-1*386 
pOI 14 179-1*389 
p0081 *79- 15184 
p0059 *79-21126 
p007* *79-21184 
pO 1 1 5 *79-22519 
p0083 *79-29327 
p008* 179-30380 
p0059 (79-31346 
pOI 15 *79-31604 
pOJB* *79-32359 
506-20 p0097 *79-17139 
p0097 *79-2:375 


coataic? luma iaaai 

p0098 *79-28420 
506-21 p0053 179-23132 
p0090 *79-28350 
pO 105 *79-29467 
pO 105 179-29468 
506-23 pO 184 *79-13886 
p0C46 179-15149 
p0069 *79-22246 
p0098 >79-32467 
506-23-24 

pOC67 *79-31350 
506-25 p0181 *79-19867 
510-53-02 

p0080 *79-24121 

510- 55 p0003 *79-13003 

511- 55-02 

p0071 179-22244 
p007 2 *79-31358 
610-22 p0094 *79-14275 
p0044 *79-21120 
743-03 p0023 *79-28176 
778-11 p0 137 *79-22626 
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AIAA 
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AIAA 

PIPES 

79-0654 


179-26926*1 

AIAA 

PAPEfi 

79-0656 


179-26925*1 

nn 

PAPEB 

7 9-066 9 


179-28970*1 

AIAA 

PAPEfi 

79- 06 7 9 


179-26690*1 

AIAA 

PAPEfi 

79-0965 


179-38888*1 

AIAA 

PAPEB 

79-0989 


179-38 191*1 

AIAA 

PAPEfi 

79-0990 


179-38192*1 

AIAA 

PAPEB 

79- 1000 


179-44225*1 

AIAA 

PAPEfi 

79-1015 


179-38202*1 

AIAA 

PAPEfi 
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179-el 347*1 

AIAA 
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75-1170 
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179-30972*1 

nn 
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nn 

PAPEfi 
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AIAA 
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AIAA 
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Alia PAPES 79-1204 f0029 179-39814*1 

1111 PIPE* 79-1234 p0036 179-40483*1 

nil PIPES 79-1308 p0030 179-40488*1 

nil PIPES 79-1309 f0029 179-39031*1 

1111 PIPES 79-1312 p0036 179-40759*1 

1111 PIPES 79-1318 p002 9 179-39034*1 

1111 PIPES 79-1319 p0036 179-39035*1 

1111 PIPES 79-1320 p007 1 179-39036*1 

1111 P1PEB 79-1521 f0176 179-46707*1 

1111 PIPES 79-1524 p0176 179-47340*1 

1111 PIPES 79-1664 p0006 179-47346*1 

Ull PIPES 79-1824 p 003 8 179-53750*1 

1111 PIPES 79-1861 p0030 179-47918*1 

1111 79-0733 p0005 179-29007*1 

1111 79-0763 p0077 179-28276*1 

1211 79-0783 p0128 179-29027*1 

1111 79-0860 p 0054 179-34704*1 

nil 79-0881 p0055 179-34773*1 

1111 79-0910 p0055 179-34774*1 

1111 79-0911 p0054 179-34736*1 

1111 79-0913 p0055 179-34775*1 

1111 79-0914 p0055 179-34737*1 

1111 79-1730 p 004 5 179-45374*1 

1111 79-7008 p002 7 179-29383*1 

1111 79-7011 p0027 179-29386*1 

1I11-P1PEB-79-0381 pOOO 3 *79-14999*1 

llll-PlPES-79-064 1 p0016 *79-15957*1 

II 11-PAP ES-79-2063 p0054 *79-33252*1 

1I11-P1PEP-79-2064 p0O54 *79-33255*1 

1I11-P1PES-79-7081 p0054 *79-33253*1 

1111-78-1000 pO 1 4 1 *79-27665*1 

1111-79-0105 p0015 *79-15049*1 

1111-79-1524 p0174 *79-27930*1 

1111-79-1824 p0024 *79-31210*1 

AISESEABCH- 21-295 3-1 p0080 *79-24121*1 

11EESEABCB-31-2935-1 p0120 *79-11408*1 

A1SESE1SC8-31-2935-2 p0120 *79-11409*1 

IISES EAEC 8-31-29 36 p0120 *79- 1 1407*1 

IISES EABC 8-3 1-29 37 pOISO *79-10526*1 

1ISESE1SCB-78 - 14972 pOlal *79-11476*1 

AL78F022-HCL-1 p012 1 *79-17222*1 

1L78P023-1CI-2 pOI 2 1 *79-17223*1 

1L78I007 p012 1 *79-17219*1 

ISLE PBEPSIN1 78-LC- 11-1 p0118 179-23267* 

ISLE PBEPSIBT 78-LC-3C-1 p0123 179-23252* 

ISLE PBEPBKT 78-LC-5C-2 pOIIB 179-23251* 

ASBE PIPES 78-GI-128 p0024 179-10792*1 

1S8E PIPES 78-GT-148 pOIIO 179-10800*1 

1SBE PIPES 78-L0E-1 pOIIB 179-23229*1 

1SBE PIPES 78-LDE-18 p0118 179-23235*1 

1SBE PIPES 78- LUB-24 p0118 179-23237*1 

1SBE PIPES 78-LUE- 34 pOIIB 179-23246*1 

1SBE PIPES 78-8A/BT-37 p0093 179-19816*1 

1SBE PIPES 79-DE-5 p0150 179-47651*1 

IS B E PIPES 79-01-5 pOOOfc 179-30504*1 

1SBE PIPES 79-GT-6 p0028 179-32329*1 

ASBE PIPES 79-GT-19 p002 7 179-30553*1 

1SBT PIPES 79-G1-38 p0147 179-30554*1 

1SBE PIPES 79-GT-42 p0027 179-30521*1 

1SBE PIPES 79-GT-5 1 j0006 179-30527*1 

1SBE PIPES 79-GT-56 f0123 179-32351*1 

1SBE PIPES 79-CT-129 f0039 179-32398*1 

ASBE PIPES 79-GT-141 p0090 179-30555*1 

ASBE PIPES 79-GT-146 p0123 179-324.2*1 

ASBE PIPES 79-GT-149 p0119 179-32414*1 

1SBE PIPES 79-GI-161 pOI 24 179-32423*1 

1SBE PIPES 79-GT- 170 p0106 179-30556*1 

1SBE PIPES 79-G1-19? p0027 179-30557*1 
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ASBL-Tl- 154-10 

AfBlDCOB-TI-78-21 . 
lfBlDCOB-TB-78-36 . 
AfBACCOB-IB- 18-38 (PL 
AfBlDCOB-TB-78-41 . 
IfHACCOB-TB-78-42 . 
AfBl DCOB-TB- 78-47 . 

If 8 A DCOB-TB- 78 -4 8 . 

If B1 DCOB-TB- 78-4 9 . 

If BA DCOB-TB- 7 8- 52 . 

IfBlCCOB-TB- 78-54 . 

If BA DCOB-TB- 7 8- 5 9 . 

If BI DCOB-TB 78-62 . 

If BICCOB-TB-78-63 . 
If BA DCOB-TB- 79-4 .. 

AfBICCOa-TB-79-6 .. 
ATBI DCOB-TB- 79- 10 . 

If BI DCOB-TB-79- 12 . 

IfBIDCOB-TB- 79-18 . 

If BA DCOB-TB- 79- 18 . 

IfBIDCOB-TB- 79- 19 . 

It BA DCOB-TB- 79-20 . 

If BA DCOB-TB- 79- 26 . 

AfBADCOH-TB-79-47 . 

BCS-40 159- 1 

BCS-40180-2-BE* ... 

BCS-40262- 1 

BCS-40262-2 

C- 08 1 

C-9180 

CISC- LIP- 78- C78 ... 

COBS- 5082-1 


p0129 879-18343*1 

pO 1 04 119-22427*1 
p0 1 13 *79-13369*1 
pO0 1 3 179-11043** 
pOO 15 *79-14099*1 
p0082 179-21205*1 
p0073 *79-12204*1 
pO1 15 179-23430*1 
pOO 21 179-27143** 
p0081 179-12223** 
p0002 179-12015** 
p0073 1*9-12203** 
p006 1 *79-16075** 
p0062 179-16921** 
pOOOl 179-20008** 
p0062 179-16920** 
p0024 179-30191** 
pOO 1 8 179-23968** 
p0018 179-23964** 
pOOlB 179-23964** 
pO0 19 179-23969** 
pO1 16 179-32552** 
pOI 16 179-33476** 
p0085 179-33325** 

pOI 06 179-33881** 
pOI 66 179-33882** 
pO 1 66 179-33883** 
pO 1 67 179-33864** 

pO 1 42 179-28727** 
p0126 179-19415** 

p0050 179-27234** 

pOI 5* 179-30801** 


DO B/l ISA/ 1028- 78/ 20 
DOB/IISI. >8-79/1 
DOE/IISI/ .28-79/23 
DOI/IIS1/ 1020-79/24 
DCI/BISA/1034-78/3 
DO E/ll SI/ 10 34 -79/1 
DOE/1A SI/ 1034- 79/2 
DOE/ I IS 1/1 04 0-78/4 
DO E/ll SI/ 1040-78/5 
DO E/ll 51/ 104 0-78/30 
DO E/ll SI/ 104 0-79/6 
DCE/I1S1/ 1040-79/8 
DO E/I1SA/ 1044-79/2 
DC E/1151/ 10 44- 7 9/3 
DO E/ll SI/ 1059-79/2 
DOE/ 11 SI/ 106 0-7 8/1 
DO E/1151/ 1062-79/1 
DOE/11 SI/ 1062- 79/2 
DOE/ II SI/ 189 2- 7 8/1 
EOE/11S1/2593-78/3 
DOE/ IIS 1/2 59 3- 78/4 
CO E/1 IS 1/2 59 3- 79/1 
DOE/ IIS 1/2593- 79/6 
DOE/ IIS A/2 674 -78/1 
COE/I1S1/2674-78/2 
DO E/IIS 1/26 74- 7 9/ 1 
DCB/I1S 1/2674 -79/4 
DCE/11S1/2674-79/5 
DC E/ II 51/26 7 4- 79 / 6 
CO E/I IS 1/3082-78/1 
DC E/I A SI/ 76 5 3- 79/ 1 
DO E/ll S 1/9 77 3- 78/1 
DC E/I1S1/ 112 72-79/1 
DCE/HSl/20305-79/3 
DOE/ IIS 1/20485-7 9/1 
DOE/ IIS 1/20485-7 9/2 
DOE/I1SA/20485-79/3 
DOI/I1S1/20485-79/4 


p0134 179- 12548*1 
pO 135 179-17333** 
p0142 179-30719** 
pO 142 179-28727** 
p0134 179-11481** 
p0137 179-21550** 
p0136 179-20498** 
p0134 179- 11430** 
p013S 179-16356** 
p0188 179-16721** 
p0188 179-27023** 
p0064 179-30379** 
p0098 179-26316** 
pO 142 179-28728*1 
pO 140 179-26504** 
p0 139 179-26476*1 
p0138 179-24444** 
pO 14 1 179-27665** 
p015 1 179-13490** 
p0073 179-11179** 
p0135 179-17334** 
p0089 179-20265** 
p0139 179-25498** 
p0133 179-1 1478** 
p0136 179-17335** 
p0068 179-20200** 
pO 139 179-25499*1 
p0136 179-24446** 
pO 142 179-30720*1 
p0130 179- 19414** 
p0153 179-20497** 
p0150 179-10525** 
pO 139 179-25500** 
pO 141 179-28725** 
pO 136 179-24443** 
p0140 179-26503** 
p0 139 179-25501** 
pO 142 179-29599** 


CO IS/ 4 39 6- 3 p0120 179-11406** 

COIS/503 1- 1 pOISI 179-1 1473** 

CBE1BE-T 1-289 pOlll 179-27478** 

C76- 1555/501 p01 12 179-32538** 

C79-386/50 1 pOISO 179-27975** 

D- 1 J 3 pO 1 43 179-32640** 

DD1-EDB-9528 p0033 179-21073** 

DDA-E0B-9719 p0189 179-31087** 

DD1-EDB-9790 p0189 179-32129** 

DD1-BI-79-* p0 1 07 *79-28456** 

DOC- 76S JS4252 p0151 179-12554** 

DOC-79SDS4218 p0153 179-26506** 

DOB/I1S1/0004-79/1 pO 1 89 179-32129** 

DOE/I1SA/D008-78/4 p0188 179-12969** 

DOE/llSl/0012-78/1-tOL-1 p0151 179-13496** 

DOE/llSl/0012-78/1-fCL-2 p0152 179-13497** 

DOE/llSl/O0 1 2-79/2 p0155 *79-33560** 

DOVHS1/0019-78/1 p0033 179-21075** 

DOE/B1S1/0028-79/1 p0189 179-31087** 

i>CE/l*S*/0032-79/1 p0188 179-29110*# 

DOE/11S1/0037-79/1 pO 1 89 179-31088** 

DCE/llSl/0038-79/1 p0153 *79-21554*# 

DOE/ I1S1/004 0-78/1 pO 1 52 B79-I9451** 

DOE/ IAS A/004 2-79/ 1-f 01-1 p0166 179-33881*# 

DOE/I1S1/004 2-79/2-101-2 p0166 179-33882** 

DO*/llSl/0042-79/3-tOl-1 p0166 179-33883** 

DOE/llSl/0042-79/4-fOL-2 p0167 *79-33884** 

DOE/I1S1/0067-79/1 p0153 179-29604** 

DOE/11S1/020 7- 78/ 1 p0102 179-15267** 

DOB/I1S1/0207-79/1 p0103 179-20341** 

■'OB/I1S1/0207-79/3 p0104 179-23384** 

UOE/11S1/0615-79/1 pO 1 53 179-19454** 

DOE/ 1151/1002-7 8/1 p0133 179-11479** 

DCE/I1S1/1002-78/2 pO 138 179-24*45** 

DOE/IISI/ 1002- 79/3 p0138 I79-2M42** 

DOE/ I1S1/ 1002-79/4 p 0 1 • 1 179-26505** 

DOE/ 1151/ 100 4- 7 9/1 p0136 179-20494** 

DOE/ IIS 1/ 1004- 79/ 16 p01*0 179-26502*1 

DOE/I1S1/10 1 1-78/28 pOO 17 179-17859*1 

DOB/I1S1/101 1-78/29 p0014 179-13049** 

DOE/IISI/ 1022-78/42 pOIJb 179-17336** 

DOE/IISI/ 1028-72/2 p0137 179-215*9** 

DOE/I1S1/102 8- 78/19 p0135 179-16355** 


D6-48097 p009 1 179-2*172** 

D6-48611 p0009 179-23940** 

D6146 p0087 179-26315** 

E-001 p 0 0 4 6 179-24000** 

1-003 pO 13 1 179-22589** 

1-004 p0016 179-23964*1 

E-004 pOOIS 179-23964*# 

E-005 p0138 179-24*43** 

E- 006 pOOO 3 1/9-23911** 

1-010 pOO 1 2 179-23965*# 

1-011 p0173 179-24770** 

E-012 p00*6 179-22188** 

E-013 pOOie 179-23966** 

1-013 p0018 179-23966** 

E-014 p0 104 179-23384** 

1-015 p0109 *79-22*48** 

E-016 pO 138 179-24444*# 

1-018 p0 137 179-22624*# 

1-023 p0140 179-26503** 

E-025 p0094 179-23313** 

1-026 p0022 179-25016** 

1-027 p0004 179-23912** 

1-028 p0083 179-27306** 

1-030 p0174 179-25840*1 

E-031 pOI 74 179-25841** 

1-033 pO 1 1 6 179-33475** 

1-03* pO 139 179-25500** 

1-035 pO 142 179-30719** 

1-036 p 0 1 38 179-24446*1 

1-038 pO 1 6 5 179-28881*# 

E-039 p0 140 179-26504** 

1-040 p 004 3 179-27236** 

1-042 p0053 179-23133** 

E- 043 pOOO* 179-27093** 

1-045 p0075 179-29292** 

1-046 p0075 179-23196** 

E-048 pO 127 179-24359** 

1-049 p0044 179-31264** 

1-050 p0022 179-25015** 

1-051 p004 3 179-27235** 

1-052 pOII 5 179-2*350*1 

E-053 p0 14 1 179-26505** 

1-057 p0059 179-27242** 

1-058 p0075 179-30355** 

1-059 p004 3 179-25129** 

1-060 »0053 179-25131** 

1-062 p0022 179-27140** 

E- 064 p 0 1 04 179-27460** 

1-067 p 0 1 4 1 179-28725** 
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E- 06 f pOIIO *79-27*80** 1-9670 

1-071 pO 139 179-25501** 1-9673 

E-072 pO 1*2 *79-30720** 1-9673-1 

E-075 pOIH *79-27663*1 1-9681 

E-078 p009* 179-27351 •• 1-968* 

E-082 pO 168 *79-28970** E-9688 

S-088 p0089 179-283*9** 1-969* 

E-089 p0022 *79-271*1** 1-9697 

E-091 p0075 *79-29293** 1-9700 

E-092 p008« *79-30378** 1-9713 

E- 093 pOI 7* *79-27930** E-971* 

E-09* pO 1*2 *79-29599** 1-9715 

E- 095 p0069 *79-27279** 1-9720 

E-096 pOOO* *79-291*3** 1-9728 

E-098 p0 105 *79-. 7*61** 1-9729 

E-100 pOI 42 *79-28728** 1-9730 

E-106 p0 1* 1 *79-2766*** E-9732 

E- 107 p0053 *79-28220** 1-9735 

E-110 pOOO* *79-281*6*1 1-97*3 

E-111 p0063 *79-2922*** 1-97*5 

E-112 p0 1 70 *79-29938*1 1-97*9 

E-115 p0090 *79-31*05** 1-975* 

E-116 p01*2 *79-28726** 1-9756 

E-118 p006* *79-30296** 1-9762 

E-120 p0069 *79-28258** E-9763 

E— 12 3 p0063 179-29240** 1-9765 

S- 125 p0076 *79-30356** 1-9767 

E- 130 p0083 *79-29329** 1-9769 

E-131 pO 105 *79-31526** 1-9770 

E- 132 p0084 *79-30379** 1-977* 

E-13* pOOt* *79-313*9** 1-9775 

1-1*1 pO 1*2 *79-29600** 1-9777 

E- 1*2 p017* *79-31002** 1-9778 

E-143 p0023 *79-30187** 1-9779 

S- 146 pOOlO *79-31185** 1-9780 

1-1*8 p0105 *79-31527** 1-9782 

E-149 p0090 *79-31*03*1 1-9783 

1-151 pO 1 *3 179-31781** 1-9785 

1-152 p008* *79-31391** 1-9786 

E- 153 p0 125 *79-29530*1 1-9787 

1-155 p00«8 *79-31265** E-9788 

E-161 p0069 *79-31361** 1-9789 

1-165 p 002* *79-31210** E-9790 

1-166 p0053 *79-30290** 1-9792 

1-168 p005« *79-33252** 1-9795 

E- 169 p005* *79-33253** 1-9796 

E- 170 p0 105 *79-30515** 1-9799 

1-171 pC076 *79-33306*1 1-9800 

E-17* p0127 *79-31619*1 1-9801 

1-175 p0054 *79-3325*** 1-9802 

1-176 pOOlO *79-33185** 1-9803 

1-180 p009* *79-33379** 1-980* 

1-181 p005* »79-313«3** 1-9805 

E-183 p002« *79-30188** 1-9806 

1-188 p0076 *79-31372** 1-9807 

1-191 p005* *79-33255** 1-9808 

E-236 p0 1 16 179-33*77** E-9809 

E- 1009 p0053 *79-22193** 1-9811 

1-83*2 p0163 *79-25753** 1 9813 

E-8950 p 0023 *79-28176** 1-981* 

E-8958 p0018 *79-23967** 1-9815 

E-8987 p0023 *79-28177** 1-9816 

E- 89 97 pO0 17 *79-16852** 1-9817 

E-9025 p0002 *79-10022** 1-9818 

E-9120 p0 1 13 »79-10*2»*» 1-9819 

1-9167 p00*6 *79-151*5** 1-9821 

E-9’79-1 p0082 *79-15186 « E-9822 

E-9HH p0002 *79-12015 ' 1-9823 

E-9186 p0003 »’”-130Q > ** 1-982* 

E-9202 p009« *0-14 >•• E- 9826 

E-9219 pO 1 66 *79-21.. 8** I-9B27 

1-9237 p0023 *79-271*3** 1-9828 

E-9265-1 pO1 15 *79-23*30** E-9829 

1-93*8 pO 1 57 *79-17359** 1-9630 

1-9*13 pO 1 35 *79-16355** 1-9831 

1-9*19 p0140 *79-26502** 1-9832 

1-9*61 p0013 *79-10060** 1-9833 

E-9490 pOOOl *79-16796** 1-5 3* 

E-9517 p010« *79-22*27** 1-9835 

S-9528 p007* *79-20218*1 E-9836 

E-9578 p0097 *79-1*309** 1-9838 

1-9588 pO 1 09 *79-12414*1 !-96 j9 

1-9670 pO?Ci *79-13158** 1-98*0 

E-9629 pO 1 84 *79-13886** 1-98*1 

E-9632 pO 1 1 3 179-13369** 1-98*2 

1-96*7 pO 1 3 1 179-13*72** 1-98*4 

1-9651 pOII* *79-1 1389** 1-98*5 

1-9657 pOII* *79-18323*1 1-98*6 

E- 9659 pO 105 *79-29*68** 1-96*6-1 


pOII* *79-1*387** 
pO 1 1 3 *79-10*25*1 
p0 1 8* *79- 16699** 
pOOSI *79-1518*** 
pOII* 179-1*386** 
p0014 179-130*6** 
p0002 *79-10023** 
p0082 *79-23216** 
p002* *79-31213*1 
p0052 *79-10122*1 
p002« *79-3121*** 
pOOSI *79- 13159** 
pO 126 *79-11*33*1 
p0097 *79-22375** 
p0096 *79-27*00* • 
pOOl 3 *79-110*3*1 
p0015 *79- 1*098** 
p004* *79-21120** 
p0157 *79-17358** 
p007 3 *79- 12203** 
p0097 *79-17139** 
p0181 *79-19867** 
p0003 *79-14996** 
pO0 1 5 *79-1*099** 
p 0 1 7 3 *79- 17659** 
pOII* *79-17227*1 
p0103 *79-18288** 
p00«6 *79-11109*1 
p0082 *79-21205** 
p0002 *79-11001** 
pOO 1 7 *79-17859** 
p013« *79- 1 1*8 1 •• 
p0059 *79-21128*1 
pO 133 *79-11*79** 
pO 1 88 *79-1 1955** 
p0002 *79- 12016** 
p 0 1 33 *79-1 1*78** 
p0002 *79- 11000*1 
p002* *79-30191*1 
p0073 *79-11179** 
p0133 *79- 1 1*77** 
p0073 *79-1220**1 
pO 1 8 1 *79-12909** 
p0062 *79-12153** 
p0137 *79-22626** 
p0 102 *79- 12361*1 
pO 1 36 *79- 17335*1 
pOOH *79-15961*1 
p0 166 a /9-2368P*# 
pOO 1 6 *75-15051** 
.013* *79-11*80** 
p0089 *79- 15199** 
pOO*6 *79-15150** 
pO 1 15 *79-22519** 
p0135 *79-1733*** 
p0109 *79-17195*1 
p 007* *79-2118*** 
pO 136 *79-17336** 
pOlll *79-21329** 
p0082 *79-2120*** 
pO 1 1 5 *79-22518** 
pO 1 57 *79- 18*79** 
pO 157 *79- 12586** 
p0134 *79-125*8*1 
pOOSI *79- 12223*1 
p0059 *79-11119** 
pO 1 39 *79-26*76** 
p0172 *79- 15759*1 
p0073 *79-12201** 
p 0 1 7 2 *75- 15756*1 
pO 1 16 679- 3 1605*1 
pOOl* *79- 12086** 
p0158 179-2265*** 
p0069 *79-22246** 
p006 1 *79- 15157** 
pO0 1 7 *79-. 2099*1 
pO 1 35 *79-16357** 
p0068 *79- 16930** 
pO 1 3* |79-1'*03*« 
f 0 062 179- 1215*** 
p0059 *79-2219*** 
p0 135 *79- 16356** 
pOO 73 179- 12205*1 
p0062 *79- 12150** 
p0082 *79- 16989*1 
p0013 *79- 1.085** 
pO 1 72 *79-15757** 
p0022 *79-25023** 
p0017 *79-20116** 
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D 


8- 9847 
E-9848 

B-985J 
E-9854 
E- 9857 
1-9860 
E-9861 
E-9862 
E-986J 
E-9665 
E-9866 
E- 9867 
E-9868 
E-9870 
E-9872 
E- 9873 
E-9874 
P-9375 
E-9876 
E-9877 
E-9878 
E-9879 
E-9880 
E-9881 
E - 98 82 
E-9883 
E-9884 
E-9885 
P-9886 
E-9887 
E-9880 
P-9809 
E-9B90 
E-9891 
E- 98 92 
E-98 93 
P-98 94 
E-9B95 
E- 98 90 
E-98 59 
E-9901 
E- 9903 
E-99U3 
E-9904 
E- 99 05 
E-9907 
E-9908 
E- 9909 
L-9910 
E-99 11 
P-9913 
E-99 13 
P-99 1 J 
E-99 14 
E-99 15 
E-99 16 
E-99 1 7 
E-99 18 
E-99 19 
E- 9930 
E-9931 
E-9923 
P-9925 
E-9926 
E-9927 
E-9920 
E-9929 
E- 99 30 
E-99 31 
E-9932 
E-99 33 
E-99 34 
r-9935 
P-9937 
E-99 38 
E-99 39 
E-9941 
fc-9943 
1-994-1 
P-9945 
E-9946 
E-99 4 7 
E- 9948 
E-9944 
P-9950 
P-9951 
E- 9952 
P-995J 

E-9965 


p0 102 8 79- 12362 • I 
pO 1 88 879- 1672 1*8 
p0015 179-15047 •• 
p0 1 72 879- 15758** 
pO 126 *79-15325*1 
p0002 *79-12020** 
pO 1 72 879-16644*1 
p0015 879-15048*1 
pOO 15 179-15050** 
p0003 176-14998** 
p0003 179-14999*1 
pO 127 179-20391** 
p0074 179-20216** 
pQ05 3 179-23132** 
p0157 179- 15440* • 
pOO 1 5 179-15049** 
p0157 *79-15450** 
pOOOS 179-15013** 
p008 3 179-29327*1 
p006 179-16075** 

p0062 179-16921** 
pOO01 179-15185** 
p0105 179-30516** 
p006 1 179-16076** 
p0126 179-16300** 
p0138 179-24445** 
p0061 179-16918** 
p0016 179-15957** 
p0022 179-25022** 
p0 126 179-15326** 
pOO 16 17 9- 159 59* • 
pO0 17 179-15969** 
pOO 1 7 179-16849** 
pOO 16 179-15960** 
p0016 179-15958** 
p0069 179-20265** 
p0062 179-20186** 
p0 127 179-20390** 
p0069 179- 1o l3o*« 
[0173 179-16645** 
p006l 179-16077** 
pOI 73 179-16646** 
pOO J d 179-26186** 
p0173 179-16647** 
pO 1 34 *79-15410** 
p0136 *79-20494** 
pO 1 26 179-17263** 
pJ063 179-27308** 
pOObJ 179-28234** 
p006 1 179-1691941 
p0052 B79-.IJ10O** 
18 97 9-28420*1 
179-21 >14*1 
pOI7J 179-20829** 
; on 14 879-2021741 
pOO 14 *79-17072** 
p0062 879-16920*1 
p0063 879-20187** 
[UWI 879-206 30 •• 

,1-1 879- 2 ( » 2 • 1 
*0135 8/9-15411** 
f 00 94 879-20300** 
*01)/ 879-21549** 
p0063 *79-20188** 
*0168 *79-. 7023*1 
p 00 42 *75-20171*1 
.. | ,176** 

p0069 879-25131** 
p 0 1 3 7 *79-20520** 
pO 157 873-20527** 
*0019 *79-. 4594*1 
[0U9d 879-32467** 
*0044 879-23999*1 
, 10 179-2 150** 

po 165 879-20 7 52* I 
pOIOJ 979—20 1 3 
*0005 879-33325*1 
*0038 *79-33410*1 
*0004 179-3235941 
p 0004 879-20240** 
,'0023 879-27 14.*! 

■ |79 ■ . • • 

*0068 *75-42. 01)** 
*0115 879-31604** 

■ I • i 

( -06 I *79-22211** 
*0097 879-20)16** 
*0101 879-20864*1 
pO 156 179-20528** 


1-9956 
1-9957 
1-9950 
(-9960 
1-9961 
1-9962 
1-9963 
1-9965 
1-9966 
1-9968 
1-9969 
i-9970 
1-9971 
E-9972 
1-9973 
1-9974 
E-9976 
E-9977 
1-9979 
1-9981 
1-9982 
1-9983 
1-9984 
1-9985 
1-9986 
1-9987 
1-9988 
1-9991 
1-9992 
1-9993 
1-9994 
1-9995 
1-9996 
E- 9997 
1-9999 
E- 10000 


*0059 *79-31346** 
pO 1 37 *79-21550** 
pOO 1 8 879-23968*1 
p0003 179-20069*1 
*0053 879-22191*1 
*0 169 875-. 37 ) 5** 
p0103 179-20338*1 
*0084 179-30381*1 
*0103 179-20346*8 
p0 127 *79-22565** 
p0 105 879-29467** 
pO 1 36 879-20498** 
*0083 *79-27309*1 
*0158 879-31041** 
p0075 *79-22274** 
pO 104 879-22*46*1 
*0097 *79-23348** 
*0115 179-28554** 
*0127 879-20398** 
*0131 *79-22590** 
*0019 *79-23969** 
*0141 179-22697** 
p0012 *79-23963** 
*0137 *79-22623** 
*0139 *79-254 3** 
*0139 *79-25499** 
*0064 179-30380** 
*0008 179-3 3 1 ** 1* • 
*0116 179-3"552** 
*0098 179-31499** 
p0052 179-44150** 
*0053 179-22192** 
*0138 179-24442** 
*0144 *79- 3.574** 
*0004 179-26019*1 
*009 3 179-» 3257** 


IPBl-fiP 1082- 1-VOt- 1 
EF61-BP1082-l-»OL-2 


*0151 879-13‘i96*» 
p0152 179- 13*97** 


EB1H-12610 0-3-1 


pOIJI 879- 12524** 


EllOl/OBUS. 1K1D. 78 
E79-10006 


p009 1 879-20267** 
*0131 879-125.4** 


11A-11-78- Ibb 


*0016 879- 15052** 


1*1-10-78-67 
I **-60-78- 109 


*00«6 *79-15052** 
*0004 879-23912** 


ECB-0J98 *0151 *79- 12553** 

106-0945 *0154 879-31784** 

*06-1017 *0155 *79-33581** 

16-10 1 79 *0032 *79-17857** 

16-11409 *0080 879- 32 j26*( 

SlSL-Ii-250 *0071 879-10165** 


C07-81S-79-001 


*0108 879-33432** 


GE78T8P-60-8CL-1 
CE781BP-60-IC1-2 
G179EI0101 .... 


*0151 879- 13496** 
*0152 879-13497** 
*0155 879-33560** 


81C-8Ef-ll992-1 p0096 879-33373** 

B1C-BEE-E 1992-2 *009b 679-33374*1 

HI -7633b *0 IS j i’79-71554** 

6*1-096 *0087 h 79-30 177** 

6S0S-738J *0150 *79-10545*1 

1158-79-95 *0067 879- 3C2®4* • 

1*58-79-99 *0130 879-31627** 

IC7BEB0065 *0176 879- 14073** 

01.7816024) *0176 879-10842*1 

08 5C - 056467 1-* *011. 179-4 1. 17** 

1850-067 J406-ICL- 1 *011. 179. 1)34*1 

6B5C-067J466-ICL- 2 *0112 879-413)5*1 

0850- 06 10 -76- 049 7204- PI- 1 pOleb 179-49832** 

O8SC-06EC-16-C4972O4-PT-2 *0166 819-.983JM 

OBEC-0I1C-T6-D568847-TOL- 1 *0057 679- 19073*1 
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B1P0BT/ACCBSSI0* B0B8E1 IIOEX 


LTC-77-65 [0120 *79-10*23*# 

L3C-79-25 p0 122 B79-32551M 

8CE-78-571 p015 1 *79-12550' 

aC*-78-566 p0087 #79-12238*# 

8 II 79-T8-29 pO 122 *79-25392*# 

8S*«-79- 1067/105 1 pOtll *79-2b3f»M 

BTI-78IB41 p0122 *79-31603*# 

8TI-'eTR*6 p0030 879— 1006 1 •• 

BTI-787 8 6 9 pOI’1 *79-17228*1 

BTI-79ASI53EE1* pOI 9 *79-2911 

aiS-B*2-« 516-776 p0130 179-26* 29*# 

■ EPC-P2-9 p0332 *7S- 16S73 •• 

AASA-CAS’.-LE*-115UJ-1 pO109 *79-17132* 

*ASA-CAS*-:*»-11073-l p0115 179-22*75* 

USA -C*SI-Li8 - 1 1890- 1 fOOll *7S-2*97o* 

**SA-C*SE-LE8-119 30-* p0062 «7°-1791fc* 

»ASA-CASI-I.E*- 11981-2 p0103 I79-2C o* 

*7 SA-CAaE-LEB- 12013-1 p 0102 *79-10339* 

EbSA— CASI-LE*- 12053-2 f0083 *79-^8307* 

BA2A-CASP-LEB-12081-’ p0136 179-16*55*1 

IASA-CASE-LCI ’2131-1 pOll* *79-18318* 

sASl-CiSE-lZS- 2 17*-2 p0109 *79-1*3*6* 

* ASA-CAj E-l£B- #2-32-1 (.0013 I79-100S7* 

*ASA -CASE-lEl- 12236-2 [013* *79-1*528* 

BAJA -CAS E-LE6- 12252-1 p0102 »79-1728e* 

■ ASA -CAS *-!*•- 12276-1 (0113 *79-10*26*# 

*ASA-CAS*-L**-1’358-1 (0135 *79-17313* 

* ASA -CAS! -I. *8 -12378- 1 (001* 173-UOS 

SASA-CASS-IE3-12 389- 3 (.01* *79-1*036 

»13A-CAr*-iI8- 128*1-1 (0102 *79-13269 

*ASA-CA3!-L!*-i:»4l-2 (010* *79-21313*# 

SISA-CASt-UB- 12*41-3 (010* *7«-23383*« 

■ASA -CAS !-L*i- 12513-1 (0065 *73-22235* 

USA-CASI-LEi- 125*2-2 (007* *71-22271* 

1ASA-CASJ-L**- 128*2-3 (0073 *79-191*5*1 

*#SA-CAsI-L?*-1J , '52-2 (0133 *79-1 147. • 

#ASA -CAS 1-1*8-12569-1 (0113 *79-10*16* 

IASA-ClSt-LE*- 12658-1 (0172 *79- 1*871* 

IASA-CASI-LEB- 12661-1 .. p0109 179-183* • 

B4SA-CA5E-LE8-12775-1 (0133 *7 l^tc* 

»»S’-C*SI-LL«-127eO-l (0052 »7S-:C174* 

*/_6 -CAS I-LE8- ’ 27 I- 1 (01 13 *79-11*03* 

BBSA-cASE-i.EB-128 19-1 (0133 *79-1 1*67* 

■ AsA-CASE- 19- ( : 1 3 6 *79-18**4* 

NASA -CAS !-*. EB - 1 - 1 i 1 (t059 *79-.40o’.«# 

*ASA-CAS»-I.!*-129*0- 1 (0181 I7S-1085**# 

■ASA-CAi E-LEl-t*< * -1 i - ' I79-258P1* 

*ASA-CA5*-IES-129. -1 (0i13 *75-12**5*# 

•I a- ASE-i.EB-lj-.7- 1 (0081 179-11216** 

BASA A3I-LE8- 1 3050- 1 (001* *75-1*095* 

JA;'i-vAS1-lE8-131Cl-l (006. »75-l«173** 

1 A SB -CA-iE-Lfci- 1 3 103- * (0C6G «75-l«172*» 

• ASA -CAS E-LEI- 1 122-1 (0083 ■79-28158*1 

VASA lE*-t31*8 , . i - • • 

SASA-CASE-LEI-13150- 1 ;0139 »75-26*7«* 

6ASA-CASI-LE8- 15226-1 (0059 679-313*5** 

•ASA-lASE-* »*- i 3482- I (0056 *75-32*63*1 

s* A CASI-ILI-02367-: ... (C053 179-71225* 

*1SI-' ASE-1LE-025*S-1 (018* I75-2151J* 

■8ai-CP-205 r [0052 *79-1 122*8 

MSA- P-20 ' i .0 lb *7 -15961*1 

■ AS* CP-.. I I I 87 *7 . . • i 

■ ACA-CP-2078 ........... .......... [00 1 v *75-2*99**1 

■ASA -Cl . 91 • s 112*1 

B\SA-CP-.G87 (00.2 *75-25C1o*l 

■ASA-Cr 2097 (01*3 *75—326-4 • I 

■ * . ;.l. 1 t . . • • I 

U A- ... 1 - *7 ■ r • | 

*«'.*-C»-30*S [0006 I79-1201**# 

*v" A -CP -305* [017* 179-18873** 

i»SA-C*-30t7 (0C32 ■79-1*653** 

I a a 6-31 [ C 1 J 7 I79-22429*# 

< • (0106 179-22*23*1 

BASA-CP-”" (.0121 *79- 17228*# 

A AS A .8-3155 t .O 122 179-31*03*1 

*1 .-CC--163 (00e7 179-28315*# 

**B-C*-3168 (OOJ‘ *79-31212*# 

1 A > A — ‘ - 3177 (C17« *79-32056*1 


•ASA-C8-J157 (0072 *79-33288*# 

■ASA-C6- 13*526 p0080 *79-33305*# 

*ASA-C8- 13*781 (0111 *79-27978*# 

*ASA-CE- 13515 1 (0079 »75-leS*8*« 

■ ASA-CS-135208 (0096 «79-iei59*» 

■ASA-C8- 135209 (0096 *79-17071*1 

■ASA-CI-13522* (0095 *79-12273 I 

LASA-C*-1j5228 (0121 *79-17226 < 

BASA-CB- 135305 (0130 *79-26*29*# 

»ASA-C*- 135338 (0131 *79- 12524*# 

■ASA-Ci-135350 [0152 »79-194*8*# 

■AiA-CB- 135367 p008C *79-26175*# 

■ASA-CB- 135372 p0120 B79-1C923*# 

■ASA-CB- 1 35 j79 (0121 *25-17219*# 

•ASA-C6- 13538* (0035 *79-31207*# 

IASA-Cfi-135389 [0150 *79-10525*# 

■ASA-CB- 135 392 [0177 *79-258*5*# 

■ ASA-CB- 135396 (0012 B75-12084*# 

■ASA-CB- 1 35403 [00»6 *79-26120*# 

IASA-CB-135413 [0091 *79-26221*# 

■ASA-CB- 135*22 (0031 *79-12088*# 

»Ar*-CB-135**5 [3125 *79-21*10*# 

tASA-CB- 135**6 [0125 *79-21411*# 

■ASA-CB- 135**7 [0125 *79-2 19 '.2** 

■ASA-CB- 135**5 ['030 S79-10061** 

* ASA-CB- 157625 pOloB *79-12568*# 

KASA-t. 6-1578*1 POSI6 *75- 15052*1 

■ASA-CB- 158166 (C032 *79-16978*1 

iASA-Ci-158'80 [0050 »19-772J«’1 

•ASA-CS-159393 (0151 *79-1j4>0»# 

■ ASA :£- 15939* [0079 *79-12202*# 

■ ASA-Ci-159395 -<1166 *79-29832*# 

kASA-CB- 15<'35t [0 1.6 879-29833*# 

• ASA -<'6-159397 (0151 »’9-11«73*# 

■ ASA-CB- 159398 (015* B79-3C80I*# 

*BSB-CB- 159*00 [0129 »79-13»05*C 

AA5A-CE- 159*01 [0129 *79-13*06*1 

BB5B-CB- 1‘9*06 p00S6 »79-1*153*# 

kasa-cS-159407 [0151 ■79-12550*1 

■ASA-CB- 159809 [0030 BO-1C0S8*# 

BBSB-CB- 159411-fCL-l p.151 *79-13*96*# 

■AS A-Ci- 159811- VCL- (0132 *79-13*97*# 

*ASA-CS- 159*12 p 0056 *79-11115*# 

*ASA-c*-159*16 [0079 M 75- 20222*6 

BASA-CB— 155*17 [0100 *79-27358** 

AAS A-CI- 155* 19 (C031 *79- 1 10*2** 

■ASA-CB : 1 p CC71 * -10185** 

■ASA- Cl- 159*22 (016b B79-12965*# 

B» CB- 159*2 3 [005b 479- 1CU0'# 

BB . CB- 1 5 4*25 [017b *79- 1C8< 2*# 

BA; i-Ci-15°.-6 r 0 12 1 *79-l4.’J5*# 

BASA-CB- 159*29 pQISI ■79-11*76»# 

IASB-CB-155: j1 [0152 179-1637**# 

■I A* CB- 1 59838 [0031 B79- 15053*# 

. 4 Cfi-159436 p 0 1 2 ■79—11806*1 

■ASA-CB- 159437 (CISC S7.- 1288**# 

■BS1-CB- 159833 o0087 »?-,- 1 . i*| 

BBS* -Cl- 1 598 39 , ’ - • 179-11921** 

IBSB-CB-159 4 (. pOISO B75-1C526*# 

BASA-CB- 1 BCi.-: [0120 *79- 1140e*l 

BASA-CB- 15 ICL -2 [0120 *79-11*094# 

BAiA-CB - 159 [0120 *75-l’*07*» 

B A A - . r. - 1 ... (0151 5 79- 1J5S 3*# 

*4. * • • ■ • [ 0079 *74- 1 1160*# 

BASA-CB- 159**5 [0066 *79- 1692**# 

BA < i . .. [ . 1 74 *7 9- 187 1 1*# 

>1 A-CB- 1594*7 pOI ’ 179— 12554** 

IB r B-CB- 1 59*46 f 51 I75-15152** 

' • [ . - i i 179— 2C1 16*8 

•>A A B-1 -- (C 03' *79-6 107*- I 

BAS A-c 6- 159*5 1 (.177 *79- 1*875*# 

BAii-CS- 159-.54 [0031 *79- 13050*# 

BA- A-' B-1 [0 12 *79- 12087*8 

» . *79— 16053*# 

»A.A CS-1 p 00 J 3 *79 -aC1 1 7 • « 

IASA-CI-1 3*58 pC 177 »75-17b-.b*l 

>- A . fc - (2. 3 1 *79- 130*8*1 

BAsA -CB- 1 59*bC (0121 *79-17222*# 

BAiA CB- 158*6 . (.121 * 79- 1 722 3*« 

»» A-CI- 1 • p0032 179— 17858*1 

BAsA-C« - 159*84 [0080 179-24121*1 

BASA-CB- 154*65 [0153 *79- 1945**l 

I A. A . [.11 179-12818*1 

■ASB-C*- 159*67 [100 *74- 14 -• 

»*: A-CB- 1544S9 [0152 475- 17J.J- 

BAsi-CB- 15.474 [OOi. *79-18577*l 

BAs*-C»- 1S». 77 [0152 #70- 15*5 1 •• 

• ASA-.'i- 15^476 ( 013C *79- 15414*# 

BASA-CB- 155 * : S [ G 1 4 3 *79-2l'5«*» 


P- 5 



BZPGKT/ACCBSSIOI lUBPIfi IID1I 


BA5A-CB-1S94 8Q 

BASA-CB- 159461 

BASA-CB- 159*84 

BASA-CB-15948S 

BASA-CE- 159*86 

BASA -CB- 159* 6 7 

BASA -CE- 1 99* 1 8 

BASA-CB- 199*90 

BASA-CS- 159*91 

NAsA-CP- 19990 j 

BASA-CB- 159504 . ... 

BASA-CE- I 999 •■9 

IUI-CI 159508 

BASA-CS- 159504 

BASA-CB- 159510 

BASA-CB- 1595 1 l-VOL-2 

BASA-CE— 159513 

BASA-CB- 1595 14 

BASA-CR- 1595 15 

BASA-CB- 159516 

BASA-CB- 159519 

BASA-CB- 159520 

BA:. A - i - < ■ .1 

■1 A-CB-159! 

BASA-CB- 159523-vot-l 
BASA-CB— 159S23-TOL-2 

II J -OB- 15952* 

BASA-CF- 159526 

■858 -CB— 159527 

' ASA-CS- 159528 

M ' » - ' - 1 . ■> 

BASA-CB- 1595 «0 

BASA-CB- 159532 

BAsA-CB- 15953' 

BI3A-t I— 1 153* 

BASA-CB- 159536 

NASA CB- ISOS .7 

BASA-CB- 159538 

BASA-CB- l*-95 39 

BASA-CB- 1595*0 

BASA-CB- 1595*2 

BASA-CB- 155 »J 

BASA-CB- 1595*4 

SASA -CB- 1595*5 

BASi-CB- 159549 

BASA-CE- 159550 

aASA-CB- 15455 I 

BASA-CE- 15955.2 

B8S8 -C 

BAsA-CS- 15955* 

BASA-CB-15954-i 

BASA-CB- 15*558 

■81 A-Ci- 159560 

KAS8 -CR- 154563 

BASA-CB- 19956* 

■ISA -Cl 

BASA-CB- 159566 

BASA-CS- 159567 

BA5A-CF- 1 55568 

BASA-CB- 159j65 

BASA -CB- 15957. 

BASA-CE- 1595 7* 

BASE -CB- 1595 75-701 -1 
BASA-CB- 159575-101-2 
BASA-CB- 15 95 79 -70L-J 

I8SA-CB- 159577 

BASA-CS- 15957* 

BASA -C» 1S49C0 

BASA-CE - 15958 I 

BASA-CB- 159586 

III 8 -Cl- 15959 I 

BAS8 -CB- 1SS 

NASA -CP- 1 • 

•. » A Cl- 159 9> 

BASA-CB - I 596 Cl 

RASA -CB- 1596 02 

BASA -CB- 199603 

BA. A - Of - 1 * -604 

ba: A 

BASA-CE- 1*561. ' 

BASA “C B- I ■ .bCh 

BASA Cl- 1596 12 

'» 8 -Cl- 1596 1 1 

■■ A ■ A C|- 1596 1 

BASA -CF- 15*6 1 

BASA -CB- 15*6 Ih ..... 

BASA CB- 159 18 

RASA -CB- 15*6 . . ..... 

BASA -l B- 1 *4b . i 


(009 1 

179 

-20267*# 

(0015 

*79 

-15046*# 

(0129 

*79-18343*# 

(0056 

*79 

-16913*# 

pOI 10 

174 

-19314*# 

(0035 

■ 79 

-30189*# 

(00 32 

*79 

-16850*# 

(0152 

*79' 

-16375*1 

(C057 

179 

- 19074*# 

(00*1 

• 79 

-261C2*# 

(C04 1 

a?9 

-26 101*# 

(0032 

B79-1GS76*# 

(0 153 

»79 

-29603*# 

(012’ 

179- 

-17221*# 

(0087 

*79 

-23218*# 

(0096 

*79 

18160*# 

(0091 

■ 79- 

-*0266*1 

pG087 

•79-29331*# 

(003* 

*79- 

-30185*# 

(003* 

*79- 

-30186*# 

(0160 

*79- 

-27975*# 

(0057 

1.9- 

-2822**# 

(0112 

*79- 

-21337*# 

(0057 

179-19073*# 

(0112 

*79- 

-21334*# 

(0112 

*79- 

-21335*# 

(0100 

*79-21273*1 

(0100 

*79- 

-20317*# 

p0057 

•79-2*1 1C*# 

(00*0 

*79-20161*# 

pO 1 5 J 

*79-20*67*# 

(0153 

>79- 

-20*97*# 

(0032 

>79- 

-17657*# 

(003 J 

>79- 

■21075*# 

(0179 

>79- 

•1S629M 

I 0071 

>79- 

... 

(0067 

>79- 

■30294*# 

(0130 

>79- 

31627*# 

(0034 

>79- 

•2 joa**# 

(0122 

179- 

■*SJ95»# 

(0072 

179- 

■23166*# 

(0122 

179- 

23*29*# 

(0067 

■ 79- 

■31346*# 

(003* 

■ 79- 

25020*1 

(0079 

>79- 

. . . ! • 1 

p0107 

>79- 

■224 14*< 

( 0033 

>79- 

■21076*# 

(0122 

>79- 

24373*# 

(CC72 

*.#-25178*# 

(0111 

>79- 

■2C j “*•# 

(3034 

17<- 

• 1 

(0033 

>79- 

21 C 7 . • • 

(0101 

k V- 

.8* 18*# 

(006 7 

>7. ■ 

i«i ■ 77*1 

(0038 

>79- 

236*1 

(015 3 

>79- 

• ; 

(0034 

179- 

23970*# 

(0162 

>79- 

■2694 J*# 

(0041 

>79- 

24172*1 

(0009 

>79- 

23940*# 

(0153 

>79 

29604*# 

(0034 

■ 79- 

l *1 

pOI 77 

1/9- 

26884“ 1 

(3177 

>79- 

26885*# 

(0177 

S79- 

2686b • # 

(0155 

179- 

33560*# 

(0092 

>79- 

29382*# 

(0169 

■ 79- 

31088*1 

( 0 lu 7 

179- 

. 16 

(012. 

>79- 

25392*# 

(0100 

>79- 

■ 1 . *1 

( 00e7 

■ 79- 

30295*# 

I 0 130 

>79- 

97*1 

(0034 

>79- 

2605b*# 

( C let 

>79- 

i '-8 1 •# 

(0 196 

■ 79- 

3388 2 •• 

poC J* 

79- 

2^1 7*1 

1E7 

■ 79- 

• I 

r 

■ 79- 

.•11 •# 

, 3 1 6C 

• “* - 

1 388 3* • 

(01* 


1 '664*1 

( 0 7 i 

*7 

• 1 

! -Iff, 

>7< 

. • 

I 9 

> .9- 

.7716*# 

. • 1 

>79- 

29355*1 

(0080 

>79- 

2515o*« 

r 0C39 

>79- 

2915 1*1 

rO 122 

>79- 

•I 

r0107 

>79- 

•1 


BASA-CB- 15962* . 

AASA-CI- 159627 
BASA-CB- 159627 
BAsA-CS- 159628 
BASA-CI- 159629 
BASA-CI- 159630 
BASA-CB- 155632 
BASA-CB- 15*e 15 
BASA-CB- 1596 37 
BASA-Ch- 159642 
BASA-CB- 159o«* 
SASA-CB- 159647 
BASA-CB— 159646 
BASA-CB- 159652 
BASA-CB- 159653 
RASA -CB- 155654 
BASA-CB- 159657 
BASA-C6- 159669 
BASA-CB - 159675 
BASA-CB- 159679 

7ASA-BP- 1001 
IASA-BP-10J8 

1ASA-T8-73784 
BASA-TS- 7 3832 
BASA-1S-75586 
BASA-TS- 78912 
BASA-TS- 78947 
NASA-18- 76956 
BASA-TB-7896 j 
BASA-TB- 78970 
BASA-TB -78971 
BASA-TS-76972 
BASA -t 8-78980 
BASA-TS-78982 
BASA-T8-76988 
BASA-I8-76991 
BASA-T8- 78993 
BASA-TB-7899* 
BASA-TB- 78995 
BASA-TB- 78996 
AASA-TB-78997 
BASA-TS- 78998 
BASA-TB-78999 
BASA-TB- 7900 1 
BASA-TB-79003 
BASA-Tfl-79004 
BASA-TB-79C0 C 
BASA— TB- 7900 j 
BASA-TS-7506 7 
BASA-TB-79006 
BASA-TB-79011 
BASA-TB-79012 
BASA-TB-7901 3 
BASA-TB-790 1 4 
BASA-Tfl-75015 
BASA-TB-7901 i 
BASA-Te- 79017 
BASA-TB- 74016 
BSSA-TB-79019 
BASA-TB- >9020 
BAS A-TB - 7902 1 
BASA-TB- 790*2 
BASA-TB- 79023 
BASA -T9- 790.4 
BASA TB- 79-25 
BASA-Tf. 79 
BASA-TS- 750* 7 
BASA-TB -79028 
BA5A-7B-79L2S 
BASA-TB- 79030 
BISA-T5- 7903 I 
BASA-TH-7903* 
BASA-TB-7 1033 
IASA-T8-7903* 
BASA-1 H - 790 J5 
BA5A-TB-74Q16 
BASA-TB-790J7 
BASA-TB- 79038 
BASA-TS 79029 
BASA-TB-79040 
BASA-TB-790* I 
BASA-T 9-79042 
BASA-TB-790* 3 
BASA-TE- 790*4 
BASA-TB-79045 
BASA-T9- 79046 
BASA-TB- 7*0*8 


p0039 B79- 29 189*1 
r0096 » 79- 33373*1 
p0096 B79-3337**! 
(0 177 B79- *7933*B 
(0072 *79-31358*1 
p0 1 12 *79-32538*# 
p0093 B79-3C415*# 
pO 107 *79-3051**# 
(0080 179- 32326*# 
(0072 *79-32303*# 
(0067 B79-31J50*# 
pOOJ5 B79-J2211*# 
pJ057 *79-313* 1*# 
r015* B79-3178**# 
p0 155 *79-3356 1*# 
(0189 179-32129*1 
(0108 179-33*32*# 
(0122 *79-31602*1 
(0067 #79-33256*1 
(0035 *79-32212*# 

F0 163 *79-25753*# 
(0104 *79-22*27*# 

p0157 *79-17359*# 
(01*0 #79-26502*# 
(0013 *79-12063*# 
(0131 *79- 13*72*# 
(0002 179-10023*# 
(0014 175- 13049*# 
(0126 B79- 11433*# 
(0013 179- 110*3*# 
(0157 B79-17358*# 
(0073 *79- 12203*# 
(0184 *75-16699*# 
(0126 #79-19*15*# 
(0046 *79-11109*# 
(0002 *79-11001*# 
p0017 #79- 17859*# 
(0134 *79- 11481*# 
p0133 *79-11479*# 
(Oiee *79- 11955*# 
FC135 *79-16355*# 
(0002 17 9- I^Olb*# 
(0133 B79- 11*78*# 
(0002 *75-11000*# 
(0073 179- 12204*# 
(0181 *79- 12909*# 
(0073 *79-11179*# 
, 0115 *79-23430*# 
pcljj *79- 11*77*# 
(OOS2 B74-12153*# 
(0102 *79- 12361*1 
(0136 179- 17335*1 
(0016 *79-15051*# 
(01J4 *79- 11480*1 
(0089 *79-15199*# 
(0046 *79-15150*# 
(0074 B7S-2C2 16*# 
(0136 *79-17336*# 
(0109 *79-12414*# 
(0157 *79- 12566*# 
pOU* *75- 12546*# 
(0081 *79-12223*# 
(0102 *79- 15267*# 
p0059 *79-11119*# 
(0002 *79- 12015*# 
(0172 *79— 16644*# 
(0139 *79-26476®# 
(0 172 179- 15759*# 
(0073 179-12201*# 
(0172 *79-15/56*# 
(0014 179- 12086*# 
(0135 *79- 17333*1 
(0061 *79- 15157*# 
pO 1 35 *79- 16357*# 
(0066 379-16930*# 
(0062 *74- 1215**# 
p0 134 174-15*03*1 
(0135 *79-16356*# 
(0062 *79-12150** 
(0082 *79- 16964*8 
(0013 *79-12065*1 
(0172 *79- 15.57** 
(0102 *79- 12362*# 
(C 186 *79- 16721*# 
(0092 *79- 15186*# 
(0172 *79-15758*# 
(0126 *79-153:5*# 



I1F04T/4CCES510I 4086Z4 14041 


■* s **7*'79a4 9 p0015 *79-15047*4 44.S4-IB-79139 

41S4-T8-79050 p0127 *79-20391*4 B*r*-T8-79 140 

■834-TB-790 1 - I p0002 179-12020*1 N»SA-Tb- 79 In 1 

44S1-T8-79052 pOIOJ 479-20341*4 *151-18-79142 

*151-18-79053 pOG15 *79-15048*4 *151-18- 79 14 J 

BAS1-TB-79054 p0015 *79- 1 5050*1 B15«-I8- 79 144 

MAS1-TS- 79155 f0003 B75- 14998** 4414-18-791*5 

44S4-TB- 79056 pOOOJ 479-1*999*4 41S1-T8-79 1*6 

** s A-T8-79057 p0135 *79-17334*4 1151-18-79147 

41S1-T8-79C58 J0157 *79- 15«*8»# 4424-78-791*8 

44S4-rB-7905S pOOIS 479-150*9*4 4424-18-791*8 

*3S4 -18- 7906 C p0008 479-15013»* 44S4-ia-791*9 

44S4-18- 7906 1 p0157 479-15*50*4 8424-18-79150 

44S4-1B-79062 p0061 179-16075*4 8424-18-79151 

B4S4-I8-79063 p0062 479-16921*4 4424-18-79152 

44S4-IB- 790b* f0081 479-15185*4 44S4-18-7S153 

41S1-T8-7VC r . pOOol 879-16076*4 44S4-I8-7915* 

44S4-18-79066 p0126 479-16300*4 44S4-TB-79 155 

44S4-1B-7906 7 p0138 479-24**5*4 4424-18-79156 

**54-18-79068 p0061 479-16918*4 1424-18-79157 

4424-18-79069 pOOlb 479-15957*4 4424-18-79157 

84S4-TB- 79070 p0126 479- 15326*4 4424-18-79158 

44S4-T8-7907 1 p0016 879-15959*4 1424-78-79159 

84S4 -78-79072 p0017 479-15469*4 8424-78-79160 

*424-18-7907 3 ...... p0017 179-166*9*4 8424-78-79161 

" *51-18-79074 p0016 17S-1 j960*4 8424-1 8-79 163 

84S4-78- 79075 p0016 879-15958*4 4424-78-7916* 

44S4-78- 79076 pOC89 479-20265*4 4424-78-79165 

**54-78-70077 p0062 479-20166*6 4424-78-79167 

*454-78-79078 p0127 479-20390*4 4424-78-79168 

**5* -18- 79079 p0173 479-166*5*6 14S4-78-79169 

4424-78-79080 f0061 879-16077*4 4424-18-79 170 

“*54-78-79061 p0173 8794166*6*4 4424-78-79171 

**54-78-79082 p0173 *79-16667*4 *424-18-79172 

** S *' T *' 7 9083 p0l34 879-15*10*4 8421-7 8-79 1 73 

**5* _T B-7908* p0136 87S-I0»9**4 4424-78-7917* 

**5*'78- 7906 c p0126 179-17263*4 4421-78-79175 

“•S4-7B-79066 ............. p0089 *75-16136*4 4424-18-79176 

**54-78-79087 ..................... p0061 179-16919*4 *42»-7g •■’•>177 

**5*”7*- 79068 pt. 052 879-20180*6 8421-18-79174 

**54-78-79089 ..................... p0017 179-2011**6 8424-78-79179 

**54-78-79090 pC173 479-20829*4 1424- TB-79 180 

*454-78-7909 1 F 0 0 7 * 879-20217*4 8454-18 75 16 1 

*454-78-79092 fu09* 479-17072*4 4421-18-79162 

44S4-T8- 79093 p0062 *79-16920-1 *421-78-79 183 

**5*-78-7909* .... pC063 *79-20167*4 4154-1 8-79 18* 

**5*-7B-79095 p0 173 *79-20630*4 *424-78-79185 

44S4-78-79096 p0161 *79-20572*4 4421-78-79166 

**5**78- 79097 p0135 479-154M** 1424-7 8-79167 

**5**78-79098 ........... ...... p009* 879-20300*6 »154-IB-79 188 

** s *-7S-79099 ..................... pP&94 879-16169*1 4424-78-79165 

**S*“7*-7910C ............ pOOOl 879-20038*1 4124-7 8-79190 

**54-18-7910 1 pOI37 879-^15*9*1 4424-78-79191 

8121-78-79102 p006J 879-20186*4 3456-18-79132 

61S4-78-79103 pOiaa 879-27023*4 1454-78-79193 

“154 -78-7910* pOO*2 479-20171*4 j:isl-TB-75 194 

8424-78- 79105 ..................... pOO*^ 879-20176*1 4424-7H-79 1S5 

**54-78-79106 pC 137 I79-2C52J** 84 24-18-79196 

4421-78-79107 p0157 4*9-20527*6 3421-18-79197 

8421-78-79109 pOQ*4 879-23999*4 4431-7 8-79 1 S8 

**5**7*-7911C ........... p007» 879-20218*1 1154-TB-79200 

8424-78-79111 pO 165 879-20752*4 4424-78-75201 

*421-78-79112 p0103 875-20337*4 4451-78-79203 

4 6S1-78- 79 1 1 3 . p 0082 *75-202*0*1 4424-78-7920* 

*454 -78-7911* p0066 479-20200*4 4424-18-79206 

*151-78-79115 p0063 *79-22*11*4 1454-78-79207 

*154 -73-79 116 pOO 17 *79-20118*4 4424-T8- 79206 

**54-78- 79117 p007» *75-20220*4 *1. , 1-1B-7520S 

**54-78-75118 p0073 175-12205*4 I 44S4-18-792 10 

“*5**78-79115 p0057 *79-20316*4 *421-78-79211 

*124-78-79120 p0181 479-2066*** 1422-78-79212 

*454-78- 79 12 1 p0158 *79-20526*4 4*54-8-79213 

4451-78-79122 p0137 *75-21550*1 1424-76- 792 1» 

*424-18-79123 ..................... p0018 *79-23568*4 4*24-18-792 t c 

**5**78-79124 p0033 875-23064*4 14S4-7B- 792 16 

**54-78- 79125 pOG53 179-22191*4 44S4-7 8- 7'.* 1 7 

44S1-78 79126 p 0 1 6 9 *79-23735*4 1424-7 8- 7 J* 18 

*1S* - 7H-' , 9127 pO 103 *79-20338*4 44 Si-78- 792 1 9 

*454-76- 79128 p0103 479-20346*4 11-,4-TB- 752*0 

“*54-78-75129 p0127 *79-22565*4 14 S 4-78-79** 1 

**54-78- 79130 .......... p'1J6 175-20*98*1 1454-78-79222 

**5*-7B- 7S1J 1 ............ ........ p0075 479-2227*** 4424-18-7922 3 

l»S4-78- 79132 p010« 87S-22426** 16S4-7B-l9*25 

’*54-18- 13133 pO 127 *79-20398*1 l4SI-7B-79*.6 

"*54-78-79134 p0019 479-23569*1 4421-78-75227 

**54-78-79135 p 0 16 1 *79-22697** 1424-78-79226 

**54-78- 79136 p00!2 175-23963** klSA-TB- 79229 

4*54-78- 791 ) 7 p0 1 37 479-22623*4 ’••S4-18-79230 

**54-78-79138 pOG97 *79-23346*4 46 M-78- 9232 


pO 139 179-25498*4 
p0139 *79-25459*4 
p-0052 *79-22190*4 
p005 j *79-2.192*4 
p0138 879-2**4. •* 
p0C04 879- 260 19*4 
p0093 *79-23257*4 
pC046 479-24000*4 
pO 13 1 879-^2589*4 
pOO 1 6 479-23964*4 
pOOlB *79-23964*4 
pO 1 16 179-24443*1 
p0003 179-23911*4 
p0075 879-25195*1 
pO 13 1 879-22590*4 
p0053 479- <2193*4 
pOO 1 2 *79-23565** 
p 0 1 7 3 *79-24770*4 
pOU*e 479— 22166*4 
p0018 179-23966** 
pOOIG 179-25966*4 
pOlO* *79-23384*4 
pO 109 879-22448*4 
pO 1 36 479-2*44*** 
pO 137 479-226***1 
p0 140 479-26503*4 
p009» 879-23313*4 
p 0083 179-27306*4 
p017« 179-25640*4 
p017* 479-258*1*4 
FO 139 879-25500*1 
pG 142 475-307 15*4 
pOOJ* *79-23920*4 
p0136 479—24446* 4 
pOllO 479-27480*4 
p 0 14 0 479-26504*4 
p004J 475-27236*4 
p0004 479-27093*1 
p0098 17 3-26316M 
*79 9292*4 

p0075 *73-23196*4 
pC 127 479— *4359*1 
p 0 0 4 * 479— 3 126** I 
p j 053 *79-231 33*4 
pOO 22 479-250 15*1 
f00«3 *79- 27235*4 
p 0 1 1 5 *79- *4350*1 
• < 

f0165 *74-2686 1*4 
pOC55 4 7>- 2 724 2*4 
pOO 75 *79-30355*4 

... 

25131*4 
p01O4 *79-27400*4 
pi' 1- 1 4 79-. c7. 5*1 
p0139 879 25! 1*4 
pO 1 42 474-307*0*4 
p 0 0 2 * 8 75- *7140*4 
pO 1 4 1 *79-27603*1 
p 0054 475-. 7351*4 
p01«2 *74- .37.7*4 
pOlbr 475- * t97 0*4 
p 0 06 5 4 * 5 — * 6399*4 
pOO.. 4 7 9— * 7 1 4 1*4 
pOC75 479-*5253*4 
p0064 175-30378*4 
p€ 174 4 7 -279 30*4 
pO 142 979—29599*4 
pOOo* 479-27279*4 
p 3004 *79- 291*3*4 


p0105> 

*79- . 740 1 * 4 

$ J 1 ** 1 

473- * 360 5* * 


*75- 26553*4 

fCU 2 

*75-*e72B*l 

r i 1 =» » 

179- *7to.* 1 

pOC5>j 

*79- 2 9* 2u*4 

0 0*4 

*79- *6146*4 

i 006 J 

* 7 j- . 9. . *• 1 

1 JO*C 

all- i i40' *1 

pOl7- 

1 • • 

y 0 !«♦ . 

* 73 - 287. t*l 

0 0 6 •* 

i 15- 3 C * 9 6 • 4 

f 00b V 

*73-26*56*1 

p 0 Ob 1 

* 39- *9.tt .* 1 


4 75- . 1 . i5t • 1 

pOObi 

S73- *5329*4 

p.)!0‘ 

8 7 i- j 15 .‘h** 

f 00 b4 

* i>- JCJ 75*4 

p 0064 
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BASA-TB-7‘123* p009« B79-31499M 

h ASA -T 8- 7923 5 [0142 179-29600* I 

BASA-TH- 792j 6 pO 179 A79-31002*# 

BASA-T 8-79237 p0023 A79-30167*# 

KASA-TB-79239 pOOlO 879-31165*# 

BASA-TB- 79240 p0105 879-31527*# 

HASA-TB- 792* I [00*0 879-31*03*# 

BASA-TB- 792*4 pOU3 879-31781*# 

BASA-TB- 79.45 [0084 879-31391*# 

BASA-lfi- 7424 6 [0125 879-29530*# 

8ASA-TB-7924 7 p0048 879-31265*# 

1ASA-TB-79251 pOC69 879-31361*# 

BASA-TB- 79294 f 0026 B79-31210*# 

BASA-TB- 79a 95 [0053 B79-3029J*# 

8 ASA -TB- 7925 6 p0059 *79-3325291 

BASA-TB- 79257 p0056 *79-33253*# 

BASA-TB- 79258 p0105 *79-30515*1 

BASA -TB- 79259 p0076 *79-33306*# 

BASA-TB- 7926 C f 0127 *79-31619*# 

NASA-TB-7926 1 p0056 *79-33259*1 

BASA-TB- 7926 2 pOOlO *79-33185*# 

BASA-TB- 7926 5 p009« *79-33379*# 

BASA-TB- 7926b p0056 *79-31363*# 

BASA-TB- 792b 7 [-0026 *79-30188*1 

KASA-TB-74269 p007b A79-3I372*# 

BASA-TB-79271 p0056 *79-33255*# 

BA5A-TB-7927 3 p0065 *79-33325*# 

BASA-Tfl- 79292 pOllb *79-33477*# 

BASA-TP-1083 p0023 *79-28176*# 

BASA-TP- 12 17 pC097 B79-16309*# 

BASA-TP- 1263 p 0046 *79-15149*# 

5ASA-TP-1278 p0023 *79-28177*# 

BA5A-TP-12--* ,0002 *79- 100-2*# 

BASA-TP-1322 pOC 14 *79-13046** 

BASA-TP-1323 pOO 15 *79-14090 . 

B A SA -TP- I 3 33 [0013 179-10060*# 

BASA-Tr-lJ39 po 1 1 3 B79- ' ' 425* # 

BASA-TP-114) pOOd 1 *79-1 j 1 53* • 

B ASA -TP— 1 345 [0003 *79-13003*1 

SASA 3-1346 [0113 *79-10424*1 

BASA-TP- 1347 [0184 *79-13880*1 

* ASA-TP- 13 76 [0094 *79-14275*1 

B A3 A -TP- 1377 [0081 *79-15184*# 

BASA-TP- 137t [0113 *79-1J3e9*# 

BASA-TP-U79 .0081 *79-13 159*1 

BA:; J-TP- 1 380 [0003 A79-1499o*l 

■ AS A -TP— 139 [0082 A79-21204*# 

BASA-TF- 1 167 [0114 »79-l4j87*# 

A AS A -I 1361 [2001 *79-16796*1 

BASA-TP- 1 39*3 [0 1 14 *79-14369*1 

B A SA -7F- 1 *91 [ 0103 *79- 18288*1 

*ASA -T P— 139 [01 14 *79-14336*1 

*ASA -T P— 1 J9 .1 [0015 *79-14099*1 

BASA-TP-1194 [01 14 *79- 17227*# 

BASl-rr-1154 [0016 *79-23967*1 

*3 SA -TP- I* 37 pOC5S *79-21128*1 

BA. A-IP-1409 [0017 *79- 16852*1 

BASA-TP- 1410 [0044 *79-21120*1 

IASA-TP-1411 [0181 *79- 196t7* # 

BASATF 1412 [C1/J *79-176‘j*« 

*A<A-TF-I4ll ; 0 1 1 4 *79-1632)*# 

B1SA-TJ-1414 [0109 *7=-17195*l 

BASA-TP- 14'- [01^7 *79- 18479*1 

BASA -TF- 14 1b [JC97 17**- 17 1 J 9 • • 

BAS A -T P— 14. » [00.. #79-250. 3»# 

BA. A - IP- 14.17 p00B2 I79-.120 1 *# 

BASA-TF-UJ3 [0115 179-2.5 18*# 

BASA IP- 14 I- , 0069 #79-.. .46*# 

SAJA-Tf-1440 [ 01 )7 *79-. 26.6*# 

SAS»-Tr-I*4l [Site *79-. 1 /98*| 

* * S A - 1 - 1 . • , 

*ASA-TP- 144 I ,0115 B79-.2519*# 

»» A-Tr- 1444 [0111 *79- * 1 3# 4* # 

B» A-TP-146* [006 3 * 79 - .82 3* •# 

**' A -TP- l4»x [0097 >79-. 2375*# 

5/ ' ~1 1 4 [00*9 B74-..144*# 

Bi 4 - T f 1 4 *• 1 [,.158 179-2. 654*# 

SASA -TF- 14 r [0017 *7 4-. .0 49*# 

*» A-ir- 1496 r u05 i *;--.3i ,.*# 

[0115 *79- Jlb04*f 

»* A - TF- 146 [uOp. *79-232 16*# 

B* A-TF-U6* [ 0 1 . *79-305 lb*# 

'» A -TF- 1466 [01 16 *79-. 3688*1 

B* A r -1*7‘ [Ov.2 179-22.'.*# 

BIB • 6 . 1 - I *J 

Bt A-TI Ubl rOO. 4 #79-30141*# 

■A'A-TF I9S4 [JloS *79-. 9466*1 

8ASA-IP >4.-' [00-8 *79-27400*# 


BASA- IF- i486 [0098 *79-28420*# 

*ASA-TP-1487 [0090 *79-28350*# 

■ASA-1F- 1438 [0038 I79-26186*# 

*ASA-TF-1489 p0083 *79-27308*1 

#A 5 A-T F- 14 90 [0 08 3 *79-27309*# 

*A5A-TF- 149 1 [0023 *79-27142*# 

*A5A-TP- 1492 pO 105 *79-29467*# 

BASA-TP- 1493 [0023 *79-27143*# 

*ASA-TF- 1502 p0024 #79-31213*# 

BASA-TP- 1509 [0083 B79-29327*# 

SASA-TF-1510 [0024 B79-31214*# 

■ASA-TP- 1511 pO 1 16 B79- 31605*# 

BASA-TP- 1523 p0038 B79-33210*# 

BASA-TP- 1 524 p0084 B79-30381*# 

BASA-TP- 1525 [0084 B79-3C380*# 

BASA-I P- 1 526 [0158 B79-31641*# 

BASA-TP- 1527 p0096 B79-32467*# 

BASA-TP-1530 [0116 B79-33475*# 

BASA-TP- 1542 [0116 #79-32552*# 

BASA-TP-154* [0084 879-32359*# 

BASA-T P-1545 [0059 179-31346*1 

BASA-TP- 1547 [0116 879-33476*# 

BASA-TP- 1559 [0144 879-33572*# 

BASA-TP- 1560 p0008 879-33171*# 

CMEEA, TF BC. 1979-79 A79-49537 • 

OBBL-5547 [0122 8 /9-25395*# 

PCBL-ra-79-001 [0040 B79-20161*# 

PEBL-77— CE-46 [0152 B79-19448*# 

FB1-FB-102S9 [0030 179-10058*# 

fBA-5500-18 [0012 879-12084*# 

fBA-55 15- 77 [0033 879-21076*# 

FBA-5518-36 pOO 33 B79-2C1I6*# 

FBA-552J-42 [0034 879-26055*# 

F8A-5550-6 [0035 879-31212*# 

PBA-5550- 16-ttl-l [0034 879-30185*# 

F8A-5550 - I7-TCL-2 [0034 879-30186*1 

FkA-5558-12 pOllO 879-12416*# 

F8A-556S-15 [0031 B79-13050*# 

FBA-5581-12 [0034 879-23084*1 

PBA-5583— 2 r [0034 879-23065*# 

f8A-5594-4. [0J32 879- 16850*# 

FBA-5594-- [0035 179-30189*1 

FBA-56 15-3 [0110 8/9- 19314*# 

t.A-5626-12 [0035 879-32211*# 

P8A-5633- 1 1 [0122 879-31602*# 

F78-68 3fc pOUO 879-20317*# 

Crs-4 pOO 32 879- 18978*# 

SEiI-8 j 0157 879- 15’Se*# 

S1FT-0. -4778 pOu9 1 179-U .*• 

ilfT- 791B30-FT-5 [0122 179-.6373*# 

BI/BD78-2 76 [0121 879-17221*1 

»EC-78-k-b07 [0151 179- 11473*1 

B / 7 A P 04 5 0 [0032 A79- 18978*# 

B77AEO570 [003. b 9-2C117*# 

878-912941-15 [008? 179-23211*1 

A76AE0J19 [0177 179- 17656*# 

B78AF0518 [003 1 8/9- 15053*1 

- - [003 1 179- 12088*# 

B78AF055 1 [0031 879-13048** 

*76Al05e6 [0031 #79-11042*# 

S7-»-5 12997-39 [ 0067 8 79-33256*# 

879AEC166-1CI-1 [0177 B79-. 6884*1 

AE0 161 > ; . I ' 879-26885*9 

E7-, AES 166-8CL- J [.177 | 74-.66»b*t 

E79AF0197 ......................... [0267 A79-31J46*# 

B7.il... 35 [00 ij I 7 9- 2 107**# 

t . 1 • 1 • I 

»7*AFG)67 [005 1 879-. 622 1*# 

, B • t 

b/*AEli)B8 [0C34 879-.J970*# 

['4AI0410 [0035 879- J 12*7*1 

* i * PEI >9! p 0 . ■ A79-25880* 

APIA 1 1 i j .i. 979—25 • 

.11 fiPFS 790 * - 7 [119 179-31368* 

A! PAPiJ • / i , I79-J6759* 

;At »" AilS 7*059b fJO.h 679-36729* 
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SAE FAPEB 79C60S pOOJb A79-36737* 

SAE PAPER 7906C7 p0028 A79-36760* 

SAE PAPER 790619 p0028 A79-36747* 

SAE PAPER 790621 p0036 A79-36749* 

SA1-102-79-002 pOIOI 179-28*18*1 

SAR-1 p0072 179-25 1 83*1 

SAR-2 pOOBO 179-25 184*1 

SCG- 9027 28 p0096 179-32374*1 

SCG-90275B p0096 179-33373*1 

S1C-TF-78-39 p0122 179-23429*1 

S1C-T1-78-36 p0032 179-18976*1 

SBD-78-186 p0177 179-14875*1 

SBD-78-191 p 0079 179-20222*1 

SB0-7B-158 p0079 179-16548*1 

SB 79 -B-4 655- 15 p0034 17S-25018*! 

SSS-B- 79-3739 pOlOO 179-27396*1 

SSS-F 79-3904 pOlOO 179-27397*1 

SO-HHT-2 7 p0 106 179-22428*1 

SO-dBT-28 p01P7 179-224*9*1 

TELE0TIE-CAE-I600 p00J9 179-29189»I 

TR- 7 9-1 p 00 72 179-32303*1 

TB-251 p0091 179-20266*1 

TBS- 101 p0153 179-20497*1 

TE1-EB-8019- 1 p 0092 179-29382*1 

TRR-EF-8028 p0079 175-11180*1 

TBB 3097 9- 6003-1 U- 00 p0107 179-22434*1 

TBB- j1761-b01t-RU-00 p0067 «7S-16JSj»» 

TBB- 32100-6005-80-00 pOlbO 179-12884*1 

TBB- 3293 7-10C1-TU-0J p010. 179-253441# 

'RB-3363 1-6006-10-00 pOUO 179-25312*1 

'.CLA-Ei'i-7718 pOIJO 179-194 14*1 

UDfi-TR- 79-17 p0096 179-17071*1 

0DB-TE-79-18-1CL-1 p0096 17518159*1 

8—79—19—101*2 p 009 6 179-18160*1 

OS-f 1TL1T-1FPL-SI-307083 p0073 179-19145*1 

US-PATE1T-APPL-S1-009887 pOlib 175-Ie453»l 

0S-PATE1T-APFL-S1-027 C S7 p0059 175-24061*1 

US-PATE1T-APFL-S1-032307 p0104 179-23383*1 

IS-FATEIT-APFL-SI- 4 11*6 p( |7 ... 

OS-P1TE1T-APFL-S1-07077 I p0059 175-31345*1 

US-FATElT-APFL-SA-07j c 75 p0098 179-3241 •* 

7S-P II El 1- AF tl - a 1 - 40 3 e ‘ 1 179-21225* 

0S-PATE1T-AFFL-51-4 14042 j.1^ 179-17192* 

US-PATE11-AFFI-.M-430746 p01S« 879-21910* 

> TEBT-APPI.-. ■ 13 16 p0014 I7C-1M0-.5* 

i pOQ14 179- 14046* 

[ElT-AfPl f 0102 179- 1 1289* 

US-PAlEll-APFL-3ll-55St47 ;OIJ. 179-13288* 

0 a-FAT E1I-AFFL-1 l- 1 7 JO. 9 (JJ14 179-14097* 

OS-PAlc lT-APEL-Sl-6t79.5 p0109 179-14346* 

0S-P1TMT-APFL-S1-702115 p0172 179-14971* 

0S-PATE»T-ArFL-Sl-7457t6 poll] 179-1 1403* 

ITEI I 1-7534! pO 0 1 4 175-14096* 

OS-PATEIT AFFL-S1-76C771 f .lj4 179-14 

OS-PATEIT- IP Pl-Sl-768795 p0102 179-11 • 

0S-Pmil-APFl-SI-77216? p00»9 179-22235* 

OS-PBTIIl-APPt-S 1-776 029 io.li 179-1 • 

0S-PAII11-A Pl-Sl-776 14C I | 17313* 

Plin « • I II J 179-104 

0S-PATMT-A1 PL- s 796263 p0083 179-283 7* 

AlEBl-iPFl- E-799026 piljl 179-114484 

1 -PATE1T-A1 PL-SI-801290 p0114 179-1 

I • t Ill . . i • 

U.S-r ATEHT-Af FL-SI-80 if. i *75- 1 1467* 

1 IT-At FI 11.9 22475* 

1 • API I I 9 

US-PATElT-ArPL-Sl-*. 37 796 p0109 179-1* I • 

P1TEI1-A1 FI- 1-849 J46 ;cl)J 179-11472* 

ITE11 A n - 1-853679 pOI09 179-14 6* 

PATEIT-A'PI p 0 1 04 I I • 1 i • I 

» 9 A , . 9 81 « i .. 74 179- 714 

0S-PATE11-A! (I 1-860*06 I 


OS- PATE11-APPL-S 1-863770 p0136 

US-PATEll-AFPL-S 1-891244 pOOII 

OS-PATE 11 -1PPL-S 1-89 1370 p0052 

0S-PA1BIT-APFL-SA-897829 p0138 

0S-PA1E11-APPL-S 1-899 123 p0134 

0S-PATE11-APPL-S 1-9 14260 p0139 

OS-PA1E11-APFL-SB-950876 p 0 1 1 3 

0S-PATE11-APFL-SI-953391 p018l 

0S-PATEIT-APFL-S1-958S75 p008 1 

0S-PAI1II-APFL-S1-961832 f0113 

OS- PA TEBT-APPL -SI-9647 54 p0134 

US-PATEI1-APFL-S1-97 1473 p006B 

0S-PA1E11-AFPL-SI-9715S6 p0068 


OS-PAT E11-C1ASS-29-572 ... 

U. PATElT-CiASS-29-572 ... 
0S-PATE11— CLASS-29-572 ... 

US-rATEll-CLASS-29-578 ... 
OS-PATEIT-CLASS-29-591 ... 
0S-PATE1T-CLASS-55-1 18 ... 

OS-PAT EAT -CLASS-55- 122 ... 

OS-F AT £11 -CLASS- 55- 127 ... 

0S-PATE1T-CLASS-55-155 ... 
OS-PAT LIT— C LASS-55- 241 
0S-PATE11 -CLASS-55-242 ... 

OS-PAT El’i -CLAS S- 5 5- jol ... 
OS— P6U19— CLASS— 55— 407 ... 

0S-PATE1T-C LASS- 60.39. 08 . 

OS-FATEll-CLASS-bO-39. 14 . 

OS-PATEIT-C LASS-60- 39. 28B 
0S-PA1EA1-CLASS-60-39. 3 1 . 

US-PA1E1I-CLASS-L0-39.66 . 
05-F AT E1T— CLASS- 60-226 A .. 
05-PAT2*T-CLASS-o0-226A .. 

0S-PATElI-CiASS-b0-226B .. 

OS- P AT Eli -CLASS-6 0-26 7 

US-PAIE1T-CLASS-60-2O7 ... 
0S-PATE1T-CLASS-62 -268 ... 

OS-PATBil— CLASS-62-376 

US-PA1E11-CLASS-62-514B .. 

US-PATS1T-CLASS-73-1 IS ... 
0S-PA1EAT-CLASS-13C-89 ... 
os-paieit-class-ij6-65*:c . 
0S-PATE1T-CIASS- 136— 89SJ . 
DS-PATElT-CLASS-1 36-89SJ . 

OS-PATEll-ClAjj- I Jb-202 .. 

US-PATEIT— CLASS-136-. J6 .. 
US-PA1E11-CLAS5-137-15.1 . 

US-PATE1T— CLASS-137-15. 1 . 

OS-PATEIT-C LASS- 148-2 

DS-PATEII-CLASS-148-6.3 .. 
7 i-PATFIT— r LASS— 148-1..4 . 

OS-FATfl I-CLASS-148-1. E .. 
OS-P AT Ell-CLASS- 146-188 .. 

DS-PATE1T-CUSS-156-17 .. 
OS-F ATE11-CLASS- 165-146 .. 

OS-PATE IT -CLASS-165-165 .. 

0S-PATE*T-CLASS-165-1b9 .. 
Os-F>ATEi1-ClAS3-181-t90 .. 

A I - IT— CLASS- 181-213 . . 

US-PATE1T-CIASS- In 1-... 

OS-i A I E 11 -CL ASS- 1 8 1-293 . . 

5— PA .E IT -CLASS- 195-1 
OE-PATEAl-LLASS-195-127 .. 

OS-PAltll— CLASS-204- 11 

0S-PATE1T-CIASS-222-1J1 .. 
DS-PAIE1T-CLA3S-239- 127. 1 
Oi-iA:E*l-ClASS-.J"-1.7. 1 
OJ —I ATB1T— CLASS— 239— 265. 39 
CC-PA;-1--i.LA: j -244-5JB .. 

0S-PA1EA--CLASS-244-54 ... 

DS-PATElT-ClASS-450-352 .. 
0S-PA1EII-CLAE S-2S2-12.2 
0S-PATI1T-CLA S-260-371 .. 

0S-PATE1T-CL/9S-260-4. ... 

US-PAT£lT-CLAa5-460-5.J 

; - -1 ATE11-CLASS-.77-6. 
OS-FATE IT -LLASS-k 77-46. 1 

0! -FA1E1T-C LAaa- 101-62 

OS-f ATZAI-CLAS! - I08-01C. 1 
BS-PAIElI-CLASS-30d-CI0.6 
0S-PATEfel-CLASS-308-DXl*. 5 
0S-PATEIT-CIASS-30B-5S ... 

05-FAlZII-CLASS- lun-i 

0. -PATIAl-clAJa- 308- >c ... 
OS-PATEll-CLASS-3 J8-67R .. 

S-PAIEII— CLASS-308-12 I 
0! -PA1E81-CLASS- 1( 8 160 . . 

US-FATflT-cLASS- JOd-lbJ .. 


pO 133 
p0133 
pO 136 
pO 136 
p0136 
pO 109 
p0109 
pO 109 
pO 109 
pO 109 
pO 109 
pO 109 
p0 109 
pO 1 13 
pO0 13 
pOll 3 
p0014 
pO 1 1 3 

p00l4 

fJ014 

p00l4 

pO 102 

p0 102 

f.llOJ 
pCIOj 
pO 103 
p0 109 
p0133 
p0 133 
pO 133 
pO 134 
pO 109 
p J 109 
p0014 
pOOl 1 
pOQ74 
pO 1 36 
p0074 
p 7074 
p0133 
pO 164 
pOIJi 
p0102 
p J 102 
pO 1 72 
, 175 
p0172 
pO 172 
F 0 06 4 
f0065 

F uLt>5 

F 009 3 
p 3102 

F 0 102 
F 00 1 4 
I 001 1 

pOO 1 6 
pOIOj 
pOut . 
p 0083 
F 008 J 
pOCd J 
i 0 1 1 5 
F J 1 1 ‘ 
pC10. 
F 0 1 1 1 
F 3 36. 

p0062 

pom 
pom 
fCU64 
pQGb. 
p 0 1 1 J 

pin 

pOlIl 


179- 18444* 
179-24976* 
179-20179* 
■79-2548 I* 
175-14528* 
179-26474* 
179- 10426*1 
179- 10894*1 
179-11216*1 
179- 12445*1 
179- 14538*1 
179- 14173*1 
■79-14172*1 

179- 1 1466* 
179-11472* 
179- 18444* 
179-18444* 
179- 18444* 
179- 17190* 
179-17192* 
179- 17192* 
179- 17192* 
*79-17192* 
179- 1715.* 
179- 17192* 
179-17152* 
179- 11403* 
»7°- 10057* 
179- 1 1403* 
179- 14096* 
179- 1 1403* 
175- 1409b* 
179- 14097* 
179-14096* 
179- 13288* 
179-13289* 
175-20326* 
179-20336* 

1 79-2C33b* 
■79- 14345* 
■79- 1 1«68* 
179- 11467* 
175- 1 14b7* 

1 75- 14528* 

1 79- I434t* 
179- 14346* 
175- 14096* 
179-24976* 

I 1-2227 1* 
179-18444* 

178- 2227 1* 
175-22271* 

179- 11468* 
175-219 10* 
175- 13289* 
179- 13268* 
179- 13289* 
17 •- 14871* 
175- 14871* 
179- 14871* 
179- 1467 1* 
179-. 2235* 

- . 

179-4.235* 

I 21225* 
179- 1j.dH» 
179-1 1289* 
175- 14097* 
179-24976* 
175- 1409b* 

1 79- .C3 Jb* 

1 79- 174 lc* 
175-28 J07* 

1 • 
179-26 j07* 
179-2.475* 
179-4. *7‘* 
•’5- K 3 39* 

1 79- 1C4 If* 
179-17916* 
17 -17916* 

179- 104 16* 
179- 104 It* 

. Ii • 

• 79- 179 1b* 

1 79- 1 C 4 If* 
179- IC4 16* 

■ 79- 1 C 4 18* 


E-9 



BEPOBT/ACCSSSIOI IOBBEB LICIT 


0S-PATE»T-CLASS-308-168 
TS-PITEBT-CLASS-308-171 
OS-P AT EIT-CL ASS-308- 172 
U 5- P AT EBT -CLASS-313-22 . 

US-PA1EET-CL ASS-313-35 . 

OS- PAT PIT -CLASS- 31 5- 3. 5 
U S- P AT EM T -CLASS-3 15- 3. 6 
OS-PATEIT -CLASS-323- 15 . 

US-PATEIT-CLASS-323-20 . 
US-PATPIT-CLASS-330-43 . 
tJS-PATEMT-CLASS-357-15 . 
OS-PATEIT -CLASS-357- 16 . 

OS-PAT PIT— CL ASS -357-30 . 

OS-P A 1 PIT-CLASS- 357- 30 . 

OS-PATEIT-CLISS-357-65 . 
OS- PAT PIT -CLASS- 3 57-67 . 

OS-P AT PIT-CLASS-111 5- 115 
-PPTEMT-CLASS -1 15-116 
OS-P AT PIT-CLASS-* 15-171 
OS-P ATPIT-CL ASS-4 15-200 
OS-P AT PIT -CL ASS ^15-200 
9 -LATP»T-CIASS-415-2C1 
OS-PATEIT-C LASS- *16-1578 
OS-P ATPIT-CL ASS -*16-160 
OS-P AT HIT-CLASS-* 16- 162 
OS-P I1PMT-CL ASS-4 16-167 
OS-P ATPIT-CL ASS-4 27-34 . 

US-PATEIT-CLASS-427-75 . 
OS-PATEIT— CLASS-427-75 . 

OS-P AT PIT -CL ASS-427-84 . 

OS- PAT PIT -CL ASS-427 - 123 
0 S-P AT EMT-CL ASS-427- 126 
OS-PATEIT— CL ASS-427- 26 1 
U5-PATFIT-CLAS5-I27-292 
US-PAT PIT-CLASS-* 27-327 
as-PATEIl-CLASS-*27-326 
U S-P AT PIT— CL ASS-4 27 -3* 3 
OS-P AT PIT-CLASS-* 27-355 
OS— PAT PIT-CLASS-* 27- 376B 
OS-P AT PIT -CL ASS -427- 376C 
OS-PA TP IT-CLA5S-4 27-358A 
0s-PAT»II-CLASS-427-3SS 
or-PATPIT-CLASS-*29-15 . 
li;. - PATEIT -CLASS-4 29-33 . 

'S-P AT EIT-CLASS -*29-101 
US- P AT PI1-CLASS-429-1C1 
OS-P ATPIT-C LASS-429-253 
-PATPI1-CLASS-526-7 .. 
OS-PATin-CLASS-526-9 .. 
US-F A2 PIT -CL ASS-528- 126 
OS-PATPIT-CLASS-528-127 
OS- PAT Ell -CL ASS -528- 128 
Hj-rATEk, -cLASS-'-.a-*. 1 
i-P AT F II -CL ASS- 128-223 
US-PAT EH -CLASS-5, b- 225 
'- -PAT E*T Cl ASS-528 - 22 7 
I*- -PATFIT -CLASS-528-* .5 
US-PAT PI i-CLASS-528- 3J1 
OS -Pltm-CLASS-5 28-336 
-PATPIT-CLASS-528- 1 * i 
D - P AT SI" -CLA45-528-336 
. -PATEIT-c LArr- c 28-3«2 
o: -PAT PIT-C LASS-544 - 1 43 
I S - P AT FIT -CLASS-20* 1 - 195B 


J; -PATF»I-3,.r ,31 1 

OS-PATEIT- 3, *25, 756 

ns-PAI»IT-4,C95, 799 

1 -PAT HIT-*, 104,08* 

U2-PATPII-4, 104,051 

-PITIIT-A, 10*. S’* 

iiS-PATEIT-*, 106.587 

PA EMt-*, 1 1,919 

. -PATEIT-*. iiih,,i1 

-PATcIT-i, 11 1,041 

PATEIT-4, 111,718 

P I -PATPIT-4, 11 7,66 5 

■ : PAiPIT-4, 118,6/1 

0 S-PAT FIT- 4, 1.2,2 1* 

:'-r A2EI1-4 , 1.4, J 1C 

' -PATEIT-4, 131,486 

. AT ITT -,11. , C6P 

1 : PATm-4, 1 J.,069 

0. PATP* IJJ.441 

-HATPIT-*, 134,7*4 

" i Aim-*, tj c ,.Tu 

0 . PATFI--4, 1 15,8* 1 

-PATFIT -4, 1 16, . 1 1 

-i AT FIT -* , 1« 1, , . « 


p0062 

179- 

•1791b* 

p0062 

•79-17916* 

pO1 13 

179- 

-10418* 

p0103 

179-20336* 

pOIOj 

179-20336* 

pO 102 

179-10339* 

p0 102 

• 79- 

•10339* 

p0052 

179- 

■20179* 

p0052 

• 79- 

•20179* 

p0102 

179-10339* 

p0133 

179-11*67* 

p0133 

179- 

•11467* 

pOl 33 

I7S- 

11467* 

pCI 34 

179-14528* 

pOl 33 

179- 

•11467* 

p0133 

■79-1146?* 

pOO 1 3 

179-10057* 

p0013 

179- 

•10057* 

pOl 14 

• 79- 

■18318* 

pOO 14 

179- 

•14096* 

pOl 14 

179-16318* 

pOOl* 

179- 

• 14096* 

p0014 

179- 

■14095* 

pool* 

• 79- 14095* 

p0014 

179- 

14095* 

pOO 14 

• 79- 

14095* 

pG0b2 

• 75- 

17916* 

p0133 

• 79- 

11468* 

pOl 33 

I7T- 

11472* 

pOl 33 

179- 

11472* 

pOl 33 

179- 

11472* 

p013 3 

179- 

11472* 

p 01 3 3 

I7U- 

11472* 

p00b2 

179- 

1751b* 

p0062 

• 79- 

17516* 

p0062 

179- 

17916* 

p0 1 33 

B79- 

11472* 

p0062 

• 75- 

17916* 

p0062 

• 79- 

17916* 

0062 

119- 

17916* 

p01J3 

179- 

11472* 

p0133 

• 79- 

11472* 

p0139 

* 75- 

26474* 

p0135 

179- 

17313* 

p0135 

179- 

17313* 

pO 139 

179- 

26474* 

p0138 

*79- 

25681* 

p01J3 

• 79- 

.5481* 

pOl jb 

I ?9- 

25481* 

pOOB J 

179- 

28307* 

p 008 3 

179- 

28307* 

pOOei 

• 79- 

28307* 

pC083 

179- 

28307* 

pOOS3 

179- 

28307* 

p 0083 

■ 79— 

28307* 

p0083 

• 79- 

28307* 

p 006 3 

• 79- 

28307* 

pOC83 

179- 

28307* 

p008 3 

• 75- 

28307* 

pooai 

• 79- 

28307* 

p 006 3 

179- 

26307* 

p0083 

• 79- 

28507* 

p0083 

• 79- 

28307* 

p 00b 9 

• 79- 

- - - 5* 

r0093 

A75- 

21225* 

pO 164 

• 75- 

219 10* 

pu 1 1 1 

#79- 

104 IB* 

pO 133 

• 79- 

11467* 

pO 1 3 3 

*79- 

1 1468* 

p0 1 1 3 

*79- 

11403* 

pu 1 72 

• 79- 

14871* 

p 0 1 02 

175- 

' . • 

pO 1 02 

• 79- 

13265* 

pO 109 

179- 

>4345* 

pO 109 

• 79- 

14 346* 

pool j 

• 79- 

10C57* 

f 0102 

*79- 

10339* 

[ 01 i J 

*75- 

11472* 

pOO 14 

• 79- 

14095* 

P 0 1 34 

• 79- 

14*28* 

j OO 14 

*75- 

1405 7* 

pOO 1 4 

• 74- 

ImOSc* 

f 0135 

179- 

1 • 1 i • 

roio9 

179- 

1/152* 

pO 1 36 

*75- 

16444 • 

pOl lu 

*75- 

16319* 

p 00b J 

175- 

17516* 

| 0103 

*79- 

• • 


OS-PATEM-4, 143,314 
OS-PATEIT-4, 145,058 
OS-PAIPIT-4, 1*5,255 
OS-PATEIT-* ,1*6,309 
OS-FATEIT-*, 154,256 
OS-PATPIT-4. 154,912 
OS-PATEIT-4, 159,262 
OS-PATEIT-4, 159,366 


. p0052 179-20179* 
. A' 0 115 179-22*75* 
. p0069 179-22235* 
. p 0074 179-22271* 
. pOOII 179-24976* 
. p0 138 179-25481* 
. p0083 179-28307* 
. p0 139 179-26474* 


OTBC/B7 8- 912897-15 
0TBC/B79-9 14 104-18 


p0087 179-29331*1 
p007 1 179-222*4*1 


IAIL-B-PB-74-005-P1-2 

IQEC/C-78-224 

IBC-78-1 13-15 

IECS-2361 


p0080 179-33305*1 
p015 1 B79- 13490** 
p0034 179-25017*1 
p0056 179-10120*# 
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